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SPHHAKY 


In this report, the work carried out to investigate the noise 
reduction characteristics of general aviation type flat and curved, 
stiffened panels at the University of Kansas Flight Research Laboratory 
noise research facility are presented. The effects of depressurization, 
damping material, and noise source are described. 

The experimental study was carried out on 20 x 20 inch panels 
In a frequracy range of interest from 20 Hz to 5000 Hz. The noise 
sources used were a swept nine wave generator and a random noise 
generator. 

The results indicate that under the conditions tested, the 
effect of noise source was negligible. Increasing the pressure 
differential across the panel gives better noise reduction below 
the fundamental resonance frequency due to an increase in stiffness. 

The largest increase occurs in the first 1 psi pressure differential. 
The curved, stiffened panel exhibited similar behavior, but with a 
lower increase of low frequency noise reduction. Depressurization 
on curved, stiffened panels results in a decrease of the noise 
reduction at higher frequencies, confirming theoretical work done 
by Koval. The effect of damping tapes on the overall noise reduction 
values of the test specimens was small, away from the resonance 
frequency. In the mass-law region a slight and proportional improve- 
ment in noise reduction is obsirved by the addition of damping 
material. Adding sound absorbtion material to a panel with damping 
material Increases beneficially nols*. reduction at high frequencies. 
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CHAPTER 1 


IMTROPDCTIOH 

This report is s continuation of the docuaentatlon of the research 
accomplished under the continuing MSA cooperative agreement NCCI-6. 

The progress of the research accomplished during the period February 1« 
1981, through April 30, 1981, of the previous project year (May 1, 1980, 
through April 30, 1981) was included in the previous report, KD-FRL-^17- 
16 (Reference 1). 

The present report covers the period from May 1, 1981, through 
September 31, 1981, of the current project year (May 1, 1981, through 
April 30, 1982). During this period in time, all of the tests con- 
cerning the flat and curved panels were completed. Both panels were 
provided by the Gates Lear jet Corporation. These tests were performed 
in the Flight Research Laboratory of the Ohiversity of Kansas (KIJ-FRL) 
in Raymond Nichols Hall on the west campus of the University of E^sas. 

The KO-FRL acoustic test facility consists of three main sub- 
systems. These thiree can be generally divided into the testing 
apparatus (Beranek tube) , the signal generation and analyzer equipment , 
and the depressurization system. Figure 1.1 shows the entire integrated 
test set-up. The test set-up is the most current system that has been 
used at the KU-FRL acoustic test facility. To better understand the 
test set-up, the subsystems have been more fully Illustrated in 
Figures 1.2 through 1.5. Figures 1.2 and 1.3 illustrate the differences 
in the test apparatus for the flat and curved, stiffened panels. 

The data acquisition system and noise generation units are Illustrated 
in Figure 1.4. Finally, the diagram of the depressurization subsystem 
is presented in Figure 1.5. 
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Figure 1.2 Beranek Tube with Flat Paoel 
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Figure 1,5 Pressure Systens for the Plane Wave Tube 



The following chapters (Chapters 2-7) discuss the different 
aspects of the testing and also present in en ordered fashion the 
results for esch group of tests performed* Chapter 2 presents the 
details of the modifications that were made to the test facility 
for testing and also describes the panels tested. Chapter 3 gives 
the noise reduction characteristics of the bare panels. Chapter 4 
discusses the noise reduction characteristics of the curved and 
flat panels with Y-370 damping tape applied. Chapter 5 presents 
the noise reduction characteristics of the panels with Y-434 
damping tape applied* The effect of applying Y-436 damping tape 
to the panels is given in Chapter 6. The noise reduction character- 
istics of applying both Y-370 damping tape and two types of 
insulation is presented in Chapter 7. Chapter 8 concludes this 
report with conclusions and recommendations. 
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CHAPTER 2 


DETAILS OF THE MODIFICATIONS AND THE TEST PANELS 

The present aeries of tests with flat and curved panels with 
pressure differential across the test apecljnen demanded modifications 
to the KD-FRL acoustic test facility. These are detailed in Section 

2.1 of this chapter. The details of the test specimens, damping 
tapes, and the insulation material are presented in Section 2.2. 

Table 1 summarizes the variables in the conducted tests. 

2.1 MODIFICATIONS TO THE ACOUSTIC TEST FACILITY 

2.1.1 Depressurization System 

As previously mentioned, testing was done with pressure 
differentials across the test panel. A depressurization system 
was already used in the KU-FRL acoustic test facility (Reference 2) 
for previous testing and was reactivated for usage in this testing 
phase of the research project. The schematic diagram of the system 
has already been shown in Figure 1.5. The system was calibrated 
prior to the tests to determine the line losses for proper 
calibration of the tests. The system was reliable and posed 
little problem during the tests. Pressure differentials up to 
3 psl were used. 

2.1.2 Extension Tube for Curved Panel 

To test the curved stiffened panel, there were some modifications 
that had to be made to the test facility, specifically to the Beranek 
tube. Unlike the flat panel which can be directly clamped to the 
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Tabl« 1. Llat of varlablts In th« conduct ad f ts 


Panala t 

a) Flat Stiffened Aluminun, thickness • .040" 

b) Curved Stiffened Aluminum, thickness ■ .040" 

Noise Source; 


a) Sine Wave Sweep Oscillator 

b) Random Noise Generator 

Depressuriaation. 4P;* 

a) 0 psi 

b) 1 psi 

c) 2 psi 

d) 3 psi 

Damping Material; 


( Fiberglass, p « 0.817 Ib/ft^ ) 
( Fiberglass, p - 7.345 Ib/ft^ ) 

Percentage of Coverage; 

a) 0 Z (Bare Panel) 

b) 30 Z 

c) 60 Z 

d) 100 Z (18" X 18" area) 


a) Y-370 

b) Y-434 

c) Y-436 

d) Y-370 Light Insulation 

e) Y-370 Heavy Insulation 


* Some of the test are conducted at 2.5 psi instead of 3 psi 


test section^ the curved panel required an additional curved support 
on both sides of the panel so that a simply supported edge condition 
could be simulated. Figure 1.3 shows the extension tube in place 
on the Beranek tube with the curved panel In place. This extension 
was constructed from 3/4 Inch particle board and had the same 
outside dimensions as the standard Beranek tube. The extension 
tube shifted the centerline of the test specimen back by 3 Inches 
from the noise source, compared to the standard 1 inch for the 
flat panel. No corrections have been made for the cavity effects 
of this extension. However, the distance bettraen the microphones 
was maintained constant (8 Inches). 

2.2 DESCRIPTION OF THE TEST PANELS AND THE DAMPING TAPES 

2.2.1 Flat Panel 

The flat panel, made from standard aluminum sheet, was 
stiffened In one direction by "L" stringers. The sheet was 
.04 inch thick and 20 inches by 20 inches In outside dimensions. 

The extruded stiffeners were riveted to the skin. Fig^tre 2.1 gives 
the geometrical and the mass properties of the stringers. 

2.2.2 Curved Panel 

The aluminum curved panel was stiffened In two directions. 

The sheet thickness was .04 inch. The panel was curved In one 
direction and stiffened in both directions, thus approximating a 
typical general aviation type sidewall. The radius of curvature 
of the panel was 33 1/2 Inches. The stiffeners and the frames were 
riveted to the skin. The geometric and the mass properties ar' 
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given In Figure 2.2. The outside panel dimenslone ere 20 inches 
by 20 inches. 

2.2.3 DaBPina Tapes 

Three damping tapes were used in the investigations. They were 
Y'370, T-434, and T-436, manufactured by the 3M Company. They provided 
constrained layer damping. The T-434 has a 7 nil constraljilng layer, 
and the T-436 has a 17 mil constraining layer. They were self adhesive, 
and as a result application to the test specimen was easy. The tapes 
were applied in amounts of 30Z, 50Z, and 1002 of the panel test area 
(18 inch X 18 inch). During tests with partial coverage, the appli- 
cation was limited to the central part of the test panel. The 
stringers and the frames were not treated with the damping tape. 

It should be noted that the damping properties, in particular the 
loss factor, of these materials will degrade when i^. is exposed 
to low temperatures, it will be during cruise flight. Because it 
is not possible to conduct the tests at other temperatures than at 
room temperature in the KD-FRL facility, the results of these tests 
should be judged in this context. 

2.2.4 Insulation Haterial 

To study the effects of rorous fiberglass materials, two 
densities (0.817 Ib/ft^ and 7.345 Ib/ft^) of fiberglass were used. 

These were manufactured by the Forty-Eight Insulation Corporation. 

These materials were loosely placed over the test panels with the 
T-370 damping tape. 
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CHAPTER 3 


NOISE REDOCTIOH CHARACTERISTICS OF 
BARE PUT AND CDRVED PANELS 

In this elinptnr, tha nolsa raduetlon chn^actariatiea of atlffonod 
flat and curved panels without any traatoent are diaeuaaed« Section 

3.1 covers the flat panel; In Section 3.2 the curved panel noise 
reduction characteristics are discussed. 

3.1 FLAT PANEL RESULTS 

Tests have been carried out In tha Beranek tuba with two 
different noise sources: a sweep oscillator and a random noise 

generator. The effects of depressurization have also been Investi- 
gated. 


3.1.1 Effects of Noise Source 

Tests with a sweep ocslUator were carried out In two steps to 
Improve the resolution at lower frequencies. In the first sweep, 
a frequency rsnge of 20 Hz to 300 Hz was covered with an effective 
bandwidth of 3 Hz. The second sweep covered a frequency range of 
500 Hz to 3000 Hz with an effective bandwidth of 15 Hz. In both 
cases the linear Streep tine was 100 seconds. Tests with the random 
noise generator were carried out In two steps to Improve the 
resolution In the low frequency region. 

The results of the tests are given In Appendix A (Figure A.l 
and Figure A.3) for both cases. With these selections the results 
obtained matched within the experimental scatter In the low frequmey 
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Figure 3.1: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Bare, Flat Panel at Low and 
High Frequencies 
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region. The mean root square values of the results In the high 
frequmcy region were also nearly the same. These results are 
consistent with results obtained earlier with unstlffened panels 
(Reference 3). It should be noted that even with a random noise 
generator, the source microphone signal was not "flat** due to the 
cavity effects on the source side. Prom Figures A.l through A. 8, 

It can be concluded that no significant differences in the results 
exist between these two noise excitations, even when there Is a 
pressure differmtlal across the source and the receiver microphones. 

3.1.2 Effect of Depressurlsatlon 

Earlier studies have Indicated that depressurlsatlon Increases 
the low frequency noise reduction due to the stiffening effect 
(Reference 3). The purpose of these tests was to check the effect 
on already stiffened panels. In all cases the pressure on the source 
side was reduced to simulate actual aircraft conditions. Depressur- 
izations up to 3 psl pressure differentials were Investigated. 

Narrow band results and one-third octave band results for both types 
of excitation are given in Appendix A (Figures A.l through A. 8). 

The cross plot of the results as a function of the pressure differentials 
is given for two frequencies, 100 Hz and 3000 Hz, in Figure 3.1. 

The effects observed were similar to the results In Reference 3. 
However, the Increase in low frequency noise reduction was not high. 

Since the panel Is already stiffened, the Increase In stiffness Is 
not proportionally high. This can be seen In the increase in resonance 
frequency. In this case It increased from 112 Hz to 230 Hz. The 
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Figure 3.2: Effect of Pressure Differential on the Fundamental 

Resonance Frequency for Flat and Curved. Stiffened 
Panels 
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change in resonance frequency due to preaaure differencial la shown 
in Figure 3.2. The major part of Che Increase occurs in the first 
I psi pressure differencial. The noise reduction values at low 
frequencies increased from 17 dB to 28 dB for the first 1 pel pressure 
differencial and from 28 dB to 32 dB when the pressure differential 
was increased from 1 psi to 3 psi. The high frequency noisvi reduction 
showed a slight decrease, 1-3 dB, due to the pressure differential. 

This result is at variance with the earlier results for the unstlffened 
panel, when it was reported that it remained the same (Reference 3). 
However, the present results tend to confirm the published results 
by Koval (Reference 4). 

3.2 CURVED PANEL RESULTS 

Test results for unstlffened, curved panels have already been 
published in Reference 5. The results indicated that low frequency 
noise reduction of an unstlffened, curved panel increases with 
increasing curvature up to a certain value and then decreases. 

Curving a panel stiffenes the panel, but the angle of incidence 
of the panel is nc longer normal. The combination of these two 
effects determines the final low frequency noise reduction. During 
the present series, the noise reduction characteristics of one 
curved, stiffened panel was investigated. 

3.2.1 Effect of Noise Source 

The results of noise reduction tests with the stiffened, 
curved panel without any pressure differential for both the noise 
excitations are given in ^pendix B (Figure B.l and Figure B.4). 
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Figure 3.3: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Bare, Curved Panel at Low and 
High Frequencies 
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Once again, the same conclusions as in Section 3*1 are reached. 

This is true even when there is a pressure differential. 

3*2.2 Effect of Depressurization 

Narrow band and one-third octave band results for these tests 
are given in Appendix B (Figures B.l through B.7). A cross plot 
of these results as a function of pressure differential is given 
in Figure 3.3. Since the panel is already stiffs the Increase in 
stiffness due to depressurization is small. The resonance frequency 
of the panel at zero pressure differential is 220 Hz and increases 
to 290 Hz at 2.5 pressure differential (see Figure 3.2). Low 
frequency noise reduction Increased from 31 dB to 37 dB due to 
3 psl pressure differential (Figure 3.3). Once again, the major 
part (5 dB) of the increase occurs in the first 1 psi pressure 
differential. In the mass law region the pressure differential 
across the test specimen decreases the mean consistent with Koval's 
results (Reference 4). 
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CHAPTER 4 


NOISE REDUCTION CHARACTERISTICS OF STIFFENED FLAT AND 
CURVED PANELS WITH Y-370 DAMPING HATERIAL 

In this chapter, noise reduction tests performed to assess the 
effects of Y-370 material on flat and curved panels are described 
and the results obtained are discussed. Investigation of flat, 
stiffened aluminum panel with and without lOOZ treatment of Y-370 
material has been discussed in an earlier report (Reference 1). 

In the same report a simple single degree of freedom analytical 
model was developed which predicted the low frequency noise reduction 
reasonably well. The effect of the damping material was found to 
decrease the fundamental resonance frequency and also the noise 
reduction values in the stiffness-controlled region. However, 
at the resonance frequency Itself, the noise reduction was Increased. 
Also, In the high frequency region the resonance peaks and dips 
were smoothed out. 

4.1 TESTS PERFORMED ON PANELS COVERED WITH Y-370 

During the present phase of the Investigation, tests have been 
performed to assess the effects of percent coverage, pressure 
differential, and noise source. Three percent coverages were tested 
(30Z, 60Z, and lOOZ). These percentages correspond to the exposed 
area of the test panel, as Indicated In Chapter 2. faree pressure 
differentials were investigated (1, 2, 3 psl) under two types of 
noise sources, swept noise and random noise. In addition to the flat 
panel, a curved panel with stiffeners In both directions was used. 

The results, both narrow band and one-third octave plots, obtained 
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Figure 4.1: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Flat, Stiffened Panel with 30Z 
Y-370 Damping Tape at Low and High Frequencies 
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for the flat panel are given In Appendix A (Figures A. 9 through A. 32). 
Slnllar results for the curved panel are given In Appendix B (Figures 
B.9 through B.32). 

4.2 FLAT PANEL RESULTS 

The stiffened flat panel, as described In Chapter 2, was tested 
with 30Z, 60Z, and lOOZ coverage of damping materials. The results 
obtained with each of the percent coverages are discussed next. 

4.2.1 30% Panel Coverage 

Results of eight tests carried out for this assessment are shown 
in Appendix A (Figures A. 9 through A. 16). The difference In the noise 
reduction values due to the two noise sources were negligible. The 
results matched within the experimental scatter. Similar conclusions 
were reached for the untreated panels. 

The effect of depressurization for this configuration Is shown 
as a crossplot In Figure 4.1. This figure shows that In the low 
frequency domain, the noise reduction characteristics of the panel 
are basically the same as the bare, flat panel for all pressure 
differentials except at 0 psi. Here, the panel treated with 30% 
damping tape has a noise reduction value of 21 dB as compared to 
17 dB of Che bare panel. An Increased noise reduction Is only seen 
from a 0 psl pressure differencial to a 1 psl pressure differencial. 
From 1 psi onward, there Is no appreciable noise reduction gained 
from an increased pressure differential. High frequency noise 
reduction characteristics of Che panel covered with 30% Y-370 gain 
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Figure 4.2: Effect of Preseure Differential on the 

Fundamental Resonance Frequency for Flat 
and Curved, Stiffened Panels with 30Z Y-370 
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2 dB over the here penel* but the effect of pressurization Is 
negligible over the entire pressure differential range teated. 

Figure 4.2 shows the effect of the increased pressure differential 
on the resonance frequency of the puiel. The panel at 0 psl pressure 
differential has a resonance frequency of 120 Hz. This frequency 
Increases to a value of 215 Hz at 3 psl for an increase of 95 Hz. 
However f most of this increased noise reduction occurs in the first 
half of the curve from 0 psl to about 1.5 psl. 

4.2.2 602 Panel Coverage 

Results of eight tests carried out under this configuration 
(two noise sources and four pressure differentials) are given in 
Appendix A (Figures A. 17 through A. 24). 

Once again, tests indicated no difference in results between 
the noise sources. The general trend of the results obtained with 
depressurization was also similar to previous tests (Figure 4.3). 

Noise reduction values Increased from 19 dB at 0 psl to 23 dB at 
1 psl at a low frequency. From 1 psl to 3 psl, the noise reduction 
values flatten out at around 30 dB. High frequency noise reduction 
values remain at a constant 40 dB noise reduction throughout the 
entire depressurization range. 

The change in resonance frequency as a function of the pressure 
differential Is plotted In Figure 4.4. The panel subjected to no 
pressure differential exhibits a resonance frequency of 120 Hz. 

The first 1 psl pressure differential gives the greatest increase 
in resonant frequency to a value of 180 Hz at 1 psl. The curve 
flattens out after this to a final value of 192 Hz at 3 psl. 
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Figure 4.3: Effect of Pressure Differential on Noise Reduction 

Ciaracterlstlcs of a Flat, Stiffened Panel with 60% 
Y-370 Damping Tape at Low and High Frequencies 
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Figure 4.4: Effect of Pressure Differencial on the Fundataental 

Resonance Frequency for Flat and Curved* Stiffened 
Panels vith 60S Y-370 
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4.2.3 lOOX P<o*i CovttiM 


Rasulca of tn« teats with thla configuration am shown in 
Appendix A (Figures A. 25 through A. 32). The conclusions reached 
with these results are also similar to the test results obtained 
with 30Z and 60Z coverage. Specifically. 7.5 dB gain is achieved 
for the first 1 psl pressure differential (Figure 4.5) at low 
frequency (100 Ha). In the high frequency region (3000 Ha), the 
noise reduction levels do not change appreciably with a changing 
pressure differential. In the high frequency region, the noise 
reduction stays at a level of approximately 41 d3. 

For this configuration the change in resonance frequency as 
a function of the pressure differential is given in a cross plot 
in Figure 4.6. The msults obtained are similar to other percent 
coverages tested. This figure shows that the resonance frequency 
of the panel is 140 Hz with no pressure differential and Increaaes 
to 190 Hz at a pressure differential of 3 psl. 

4.2.4 Effect of Percentage of Coverage 

The effect of percentage of coverage on the noise reduction 
characteristics of the panel is given in Figures 4.7 and 4.8. 
Figure 4.7 gives the results of the low frequency region. This 
figure shows that the effect of coverage on the noise reduction 
abilities of the flat panel covered with Y-370 damping tape is 
fairly negligible. What this figure dees show, however, is that 
the greatest effect of the damping tape occurs in the first 1 psi 
pressure differential, as previously stated. The uoise reduction 
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Figure 4.7: Effect of Coverage of Y-370 Damping Tape on Low 

Frequency Noise Reduction Characteristics for a 
Flat; Stiffened Panel at Different Pressure Differentials 
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Figure 4.8: Effect of Coverage of Y-370 Damping Tape on High 

Frequency Noise Reduction Characteristics for a 
Flat, Stiffened Panel at Different Pressure Differentials 
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level for a 0 psl pressure differential la about 20 dB and goes to 
a constant level of about 30 dB at a 3 psi pressure differential, 
regardless of the change in coverage. 

The effect of coverage in the high frequency region (3000 Hz) 
is given in a cross plot in Figure 4.8. This figures shows that 
there is very little change in noise reduction as a function of 
pressure differential, as verified in the previous paragraphs and 
figures. The effect of coverage is very slight, with a general 
upward trend from 38 dB to 41 dB due to increased mass of the panel 
from the damping tape. 

4.3 CURVED PANEL RESULTS 

Similar tests as those described in Section 4.2 for the flat 
panel were carried out, essentially to make a one-to-^ne comparison 
between a curved and a flat panel. The purpose of the percentage 
of coverage is to determine the effectiveness of the damping tape 
under actual flight conditions. However, due to the limitation of 
the test facility, the effect of temperature on the damping tape 
could not be investigated. A curved panel stiffened in both 
directions with partial coverage of damping material is a good 
simulation of actual aircraft structures. Hence, individual noise 
reduction curves with these specimens are representative of actual 
noise reduction values obtainable in an aircraft, within the constraints 
of receiving space impedance of the Beranek tube. 
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4.3.1 30% Panel Coverage 


Results given in Appendix B (Figures B.9 through B.16) for 
two noise sources (swept sine wave and random noise) and four 
pressure differentials (0, 1, 2, and 3 psi) indicate essentially 
the same results as obtained for the untreated panel for the two 
noise sources. The results of depressurization tests are shoim 
in figure 4.9. In the low frequency region (100 Hz), the noise 
reduction obtained with no pressure across the panel is 31 Hz. 

This value rises to 37 Hz at 3 psi pressure differential along 
a gradual slope. It has been shown with the untreated panel that 
the effect of depressurization in the high frequency region is 
to lessen the noise reduction characteristics of the curved panel. 
Similar results are also obtained with 30% coverage. Noise 
reduction values In the high frequency region vary from 37 dB 
at 0 psi to 34 dB at 3 psi pressure differential. 

The pressure differential also affects the frequency of panel 
resonance. Figure 4.2 shows that the higher the pressure differential, 
the higher the resonance frequency of the panel. Unlike the flat 
panel which tended to level out at higher pressure differentials, 
the curved panel shows no tendency to flatten out at these higher 
pressure differentials. The panel exhibits an increasing behavior 
of the resonance frequency from 220 Hz with no pressure across the 
panel to 280 Hz at 3 psi pressure differential. Therefore, the effect 
of increasing pressure differentials on a curved, stiffened panel 
is to push the resonant frequency up to higher frequencies but not 
to affect significantly the value of the noise reduction itself at 
the lo\-! and high frequency values investigated. 
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Figure 4.9: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Curved, Stiffened Panel with 
30Z Y-370 Damping Tape at Low and High Frequencies 
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Figure 4.13: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Curved, Stiffened Panel with 
60Z Y-370 Damping T^.pe at Low and High Frequencies 
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A. 3. 2 60% Panel Covraga 


Results of tests with 60% coverage with pressure differentials 
and two different noise sources are shown In Appendix B (Figures B.17 
through B.24). The conclusions about the noise source are the sane. 
The cross plot for pressure differential Indicates a nearly similar 
trend as In previous cases (Figure A. 10). The low frequency curve 
has noise reduction values of 30 dB at 0 psl to 37.5 dB at a high 
pressure differential of 3 psl. Once again, most of the Increase 
occurs In the first half of the curve with a general flattening 
out around 2 psl. The high frequency curve (3000 Hz) has noise 
reduction values that decrease with Increasing pressure differential. 
The noise reduction at 0 psl Is 38 dB and drops to 35 dB at 3 psl. 
This drop Is relatively gradual with a flattening out around the 
2 psl value. 

The change in resonance frequency due to a changing pressure 
differential is plotted In Figure A. A. This figure shores the 
resonance frequency to be rapidly increasing between 0 psl and 1 psl 
from 205 Hz to a value of 250 Hz. After the 1 psl pressure differ- 
ential, the curve does not have such a large slope and Increases 
to a value of only 270 Hz at 3 psl pressure differential. 

A. 3. 3 100% Panel Coverage 

Appradix B (Figures B.25 through B.32) gives the results 
for 100% panel coverage for the eight tests carried out. Once again, 
the noise source was not a significant parameter. Results of depre- 
surlzatlon tests are shown In Figure A. 11 for 100 Hz and 3000 Hz. 
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Figure 4:11: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Curved, Stiffened Panel with 
lOOZ Y-370 Damping Tape at Low and High Frequencies 
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This figure shows that the low frequency noise reduction values 
increase from 30 dB at 0 psl to 37 dB at 3 pai pressure differential. 
Low frequency noise reduction values Increase steadily from 0 psi to 
2 psi* then level off to 37 dB. The decrease in mass law region 
in this case is negligible (from 38.5 dB at 0 psl to 38 dB at 3 psl). 

4.3.4 Effect of Percentage of Coverage 

Cross plots were made to show the effect of percentage of 
coverage of Y-370 applied to the panel at different pressure levels. 
Figures 4.12 and 4.13 depict the results in a series of eight graphs. 
Figure 4.12 shows the low frequency noise reduction values with a 
varying coverage. The results are much the same as those obtained 
with the flat panel curves (Figure 4.7). Here, as in the case with 
the flat panel, the effect of coverage was virtually nil. This figure 
verifies the results obtained from the other cross plots concerning 
the rise in noise reduction values from 0 psl to 1 psl with a 
flattening out after this value. Again, the effect of increasing 
the amount of damp Ing material on a curved panel is to lower the 
resonance frequency but not to Increase the noise reduction values 
significantly. 

From Figures 4.7. 4.8. 4.12, and 4.13. it is concluded that 
the presence of damping tape has negligible effect on the overall 
noise reduction characteristics away from the resonance frequencies. 
When the mass of the damping tape constitutes a large percentage of 
the total panel and tape mass, the effect is essentially to Increase 
the least squares lines noise reduction in the high frequency domain. 
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Figure 4.12; Effect of Coverage of Y-370 Damping Tape on Low 
Frequency Noise Reduction Characteristics for a 
Curved. Stiffened Panel at Different Pressure 
Differentials 
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Figure 4.13: Effect of Coverage of Y-370 Damping Tape on High 

Frequency Noiee Reduction Characteriatlcs for a 
Curved, Stiffened Panel at Different Preasure 
Differentials 
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CHAPTER 3 


NOISE REDUCTION CHARACTERISTICS OF STIFFENED FLAT AND 
CURVED PANELS WITH Y-434 DAMPING HATERIAL 

In this chapter, noise reduction tests performed to assess the 
effects of Y-434 damping tape on flat and curved panels are described, 
and the results obtained are discussed* Y— 434 and Y— 436 materials 
are damping tapes which provide increased damping action due to the 
constrained aluminum outer layer. Y-434 has a 7 mil constraining 
layer. The purpose of these tests is to compare the noise reduction 
values of panels with this damping material id.th those of Y-370. 

5.1 TESTS PERFORMED ON PANELS COVERED WITH Y-434 

The parameters investigated were the same as for damping tape 
Y-370: four pressure differentials were examined (0, 1, 2, and 3 psi); 

two types of noise sources, white noise and discrete noise; and three 
different coverages (30Z, 60%, and 100%) of the Y-434 damping tape. 

The results of these tests, both narrow-band and one-third octave 
plots, for the flat panel are given in Appendix A (Figures A. 33 
through A.56). The results for the curved panel, both narrow-band 
and one-third octave, are given in Appendix B (Figures B.33 through 
B.56). 


5.2 FLAT PANEL RESULTS 
5.2.1 30% Panel Coverage 

Results of these tests are given in Appendix A (Figures A. 33 
through A. 40. The effect of noise source is negligible for these tests. 
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Figure 5.1: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Flat, Stiffened Panel with 30% 
Y-434 Damping Tape at Low and High Frequencies 
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A cross plot of the noise reduction versus the pressure 
differential for this panel Is given In Figure 5.1. This figure 
shows that low frequency reduction Increases with Increasing pressure 
differentials across the penel from 22 dB at 0 psl to 31.5 dB at 
3 psl pressure differential. Most of this Increase is seen In the 
first 1 psl of the curve, where the noise reduction value Is 28.5 dB 
at 1 psl. The curve tends to flatten out after this value. In the 
high frequency region the noise reduction values are relatively 
constant around 38 dB. There is a slight drop in the noise reduction 
with Increasing pressure differential, but the trend Is slight. 
Therefore, It Is concluded that the effect of Increasing the pressure 
differential with this treatment is to increase the low frequency 
noise reduction value about 10 dB but not to affect the high frequency 
noise reduction characteristics to any significant effect. 

Increasing the pressure differential also affects the position 
of the resonance frequency. Figure 5.2 shows the results of Increasing 
the pressure differential across the panel. The value of the resonance 
frequency Is 125 Hz with no pressure differential, and It Increases 
to 220 Hz when the pressure differential Is 3 psl. This Increase 
is gradual, not as sudden as was seen with the panels with Y-370 
damping tape. Even though the resonance frequency does not show 
the trend of flattening out at the higher pressure differentials 
associated with the Y-370 damping tape, it Is considered that It 
could be due to experimental scatter, rather than any significant 
trend. 
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Figure 5.2: Effect of Pressure Differential on the Fundanental 

Resonance Frequency for Flat and Curved, Stiffened 
Panels with 30Z Y-434 


46 


5.2.2 602 Panel Coverage 


Results of these tests are glvea in Appendix A (Figures A. 41 
through A. 48). Comparison of the graphs Indicate that there Is 
little difference In the two noise sources as there Is In previous 
cases. A cross plot of the noise reduction versus the pressure 
differential Is given In Figure 5.3. This figure shows that Initial 
noise reduction of the panel without any pressure differential Is 
22 dB and that It rises to 31.5 dB at a pressure differential 
at 3 psl. After the 1 psl value, the curve tends to level off 
around 32 dB. The high frequency noise reduction characteristics 
of the panel did not change in the pressure ranges tested. The 
noise reduction value Is approximately 40 dB at 0 psl, where It 
stayes throughout the test region within the range of scatter. 

So it Is seen that the effect of a pressure differential Is to 
Increase the low frequency noise reduction characteristics of the 
panel but not to affect the high frequency noise reduction values. 

The fundamental resonance frequency of the panel Is changed 
by an increasing pressure differential, as witnessed In Figure 5.4. 
This figure shows the resonance frequency being 120 Hz at 0 psl 
differential and Increasing rapidly to a value of 210 Hz at 2 psl 
pressure differential, where it flattens out to a final value of 
212 Hz at 3 psl. 

5.2.3 100? Panel Coverage 

Results of these tests are given In Appendix A (Figures A. 49 
through A. 56). Once again. It Is concluded that there Is little 
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Figure 5,3; Effect of Pressure Differencial on Noise Reduction 
Characteristics of a Flat, Stiffened Panel with 60Z 
Y-434 Damping Tape at Low and High Frequencies 
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Figure 5.4: Effect of Pressure Differential on the Fundamental 

Resonance Frequency for Flat and Curved, Stiffened 
Panels with 60% Y-434 
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Figure 5.5: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Flat, Stiffened Panel with lOOE 
Y-434 Damping Tape at Low and High Frequencies 
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difference between the two noise sources. For this panel, the 
Initial value of noise reduction at 100 Hz Is 21.5 dB at 0 psi, 
which rises to 31.5 dB at 3 psl pressure differential (see Figure 5.5). 
Once again, most of the gain In noise reduction for this panel occurs 
in the first 1 psl. After the 1 psl differential, the curve levels 
out to the final value of 31.5 dR. Noise reduction at 3000 Hz 
starts at approximately 39 dB and stays constant at this level 
throughout the entire pressure differential region. The pressure 
differential has little effect on the high frequency noise reduction 
characteristics of this treated panel. 

The resonance frequency of the panel Is Increased as a result 
of the increased pressure differential, and this Is shown In Figure 
5.6. The initial resonance frequency of 130 Hz Is rapidly Increased 
by the pressure differential up to the 1 psl level of 196 Hz. The 
final resonance frequency of 215 Hz Is realized at a pressure dif- 
ferential of 3 pslv showing the earlier trend to level off. The 
effect of pressurization Is still to Increase the stiffness. The 
maximum Increase occurs in the Initial 1 psl. Additional Increase 
in stiffness does not Increase the resonance frequency. 

5.2.4 Effect of Percentage of Coverage 

Results from Figures 5.1, 5.3, and 5.5 were cross plotted to 
Investigate the effect of percentage of coverage. Figure 5.7 and 
Figure 5.8 show the effect of coverage on the noise reduction charac- 
teristics of a flat, stiffened panel for the low and high frequencies 
that have been singled out In this report (100 Hz and 3000 Hz). 
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Figure 5,6: Effect of Pressure Differential on the Fundamental 

Resonance Frequency for Flat and Curved, Stiffened 
Panels with lOOS Y-434 
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Figure 5.7 j Effect of Coverage of Y-434 Danping Tape on Low 
Frequency Noise Reduction Characteristics for a 
Flat, Stiffened Panel at Different Pressure 
Differentials 
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Figure 5.8; Effect of Coverage of Y-434 Damping Tape 

Frequency Noise Reduction Characteristics for a Flat, 
Stiffened Panel at Different Pressure Differentials 
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Figure 5.7 show* thee the low frequency noise reduction cheracteristlcs 
>{ Che panel are not significantly changed as a result of adding Y-434 
damping material to it. With a possible exception at 0 psl pressure 
differential, the noise reduction values remain constant throughout 
the coverage range tested. 

Figure 5.8 shows the effect of percentage of coverage on high 
frequency noise reduction characteristics at different pressure 
differencials. These graphs show that the effect of addlAg Y-434 
damping tape to the panel is to increase the noise reduction ability 
by approximately 1-2 dB. These figures show quite graphically 
Che relative importance of the higher mass in the high frequency 
region. 

5.3 CURVED PANEL RESULTS 

Tests similar to those for the flat panel were carried out for 
Che curved, stiffened panel. 

5.3.1 30% Panel Coverage 

Results of these tests are given in ^pendix B in Figures B. 33 
through B.40. A cross plot of the noise reduction characteristics 
versus the pressure differencial is given In Figiure 5.9. This figure 
shows Che familiar trend of the curves exhibited in the figures 
presented for the Y-370 damping Cape in Chapter 4. The low frequency 
noise reduction value for no pressure differential is originally 
31.5 dB. This noise reduction value rises slowly with Increasing 
pressure differential up Co a final value of 37.3 dB at 3 psl pressure 


55 


NOISE REDUCTION dB 


ORIGJNAI- PAi}i^ ‘3 

OF POOR QUAUr,' 



Figure 5.9: Effect of Pressure Differencial on Noise Reduction 

Characteristics of a Curved, Stiffened Panel vich 30Z 
Y-434 Damping Tape at Low and High Frequencies 


56 




differential. As with the flat panels, there is no big jump in noise 
reduction in the first 1 psi for this treatment of the curved pauel. 
High frequoicy noise reduction characteristics of the curved panel 
treated with 20Z Y-434 are also shown in Figure 5.9. The graph shows 
that the noise reduction level of this panel starts at 36.5 dB and 
then drops to a final value of 33.5 dB at 3 psi pressure differential 
at 3000 Hs. This tendency to drop off is consistent with those 
discussed in Chapter 4 for the curved panel. 

The change in resonance frequency due lo a changing pressure 
differential is shown graphically in Figure 5.2. The resonant fre- 
quency is 225 Hz at 0 psi pressure differential and Increases rapidly 
in the first 1 psi pressure differential to 260 Hz. After this value, 
the resonant frequency increases more slowly to a final value of 285 
Hz at 3 psi. The increase In resonance frequency as a result of 
Incree&lng pressure differential does not level off like the flat 
panel resonant f i.‘e> 4 aencies; thus, the effect of Increasing pressure 
differencial is to increase the resonance frequency. 

5.3.2 601 Panel Coverage 

Results of these tests are given in Appendix B (Figures B.41 
through B.48). By comparison of similar graphs, it can be seen that 
there is little difference between the sweep oscillator and the white 
noise source. A cross plot of the effect of increasing pressure 
differencial on noise reduction characteristics is given in Figure 
5.10. This figure shows a modest rise in noise reduction values for 
Che low frequency range. Noise reduction in Che low frequency region 
is initially 30 dB. The affect of pressure differential is seen to 
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Figure 5.10: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Curved, Stiffened Panel with 
60% Y-434 Damping Tape at Low and High Frequencies 
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push the noise reduction up to a value of 36.3 dB at 3 psl pressure 
differential, a gain of 6.3 dB. The most marked Increase in noise 
reduction is seen in the first 1 psl of this graph. In the high 
frequency region (Figure 3.11) the decrease in noise reduction 
corresponded with simular observations at other percentages of 
T-434 or Y-370 for curved panels. A decrease of approximately 3 dB 
occurs within 3 psl pressure differential. 

There is an increase in the resonant frequency, as shown in 
Figure 3.4, as a result of increasing the pressure differential 
across the panel. From an initial value at 220 Hz, the curve quickly 
rises to a value of 290 Hz at a 3 psl pressure differential. 

5.3.3 100% Panel Coverage 

Results of the tests are given in Appendix B in Figures B.49 
through B.56. A cross plot of the values obtained for the frequencies 
representative of each region is found in Figure 5.11. This plot 
shows a similar behavior for the two curves as it was seen in the 
previous plots. The low frequency noise reduction shows a modest 
rise from a 31 dB at 0 psl to a 37 dB noise reduction at 3 psl 
pressure differential. Although most of the noise reduction gained 
is obtained in the first 1 psi, the gain is not so marked as the 
previous ones. The high frequency noise reduction suffers a little 
as a result of Increasing the pressure differential; however, the 
decrease is only about 2 dB. 

The resonance frequency of this treated panel also increases 
as a result of increasing the pressure differential across the panel, 
as seen in Figure 3.6. The resonance frequency is originally 220 Hz 
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Figure S.ll: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Curved, Stiffened Panel with 
100% Y-434 Damning Tape at Low and High Frequencies 
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with no pressure differential across the panel, and it steadily 
Increases to a final value of 285 Hz at 3 psi. The largest gain 
in noise reduction is again seen in the first 1 psi pressure differ- 
ential, where the value of the resonant frequency is 250 Hz. The 
effect of increasing pressure differential on this treated panel 
is to push up the resonance frequency and to increase the low 
frequency noise reduction characteristics while virtually ignoring 
the high frequency noise reduction characteristics. 

5.3.4 Effect of Percentage of Coverage 

The effect of percentage of coverage of Y-434 damping tape 
is seen in Figure 5.12 and Figure 5.13. Figure 5.12 gives the 
results of the low frequency noise reduction noise reduction charac- 
teristics at 100 Hz. This figure shows that the effect of percentage 
of coverage does not affect the noise reduction capability of a 
curved panel. The curves given in this figure are flat, indicating 
the negligible effect of the coverage. The curves in Figure 5.13 
for high frequencies exhibit about the same behavior as those seen 
in the similar plots for a flat panel. Calling a trend for these 
graphs would be difficult at best, although it seems that a slight 
upward trend in noise reduction would be the right conclusion for 
high frequencies. At 0 psi, a slight decrease in resonance frequency 
occurs with an Increase in coverage. This could be due to the fact 
that the mass of the panel increases, without a corresponding increase 
in stiffness. Comparison with results of a bare panel (Chapter 3) 
Indicates that the change in the fundamental resonance frequency is 
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Figure 5.12: Effect of Coverage of Y-434 Damping Tape on Low 

Frequency Noise Reduction Characteristics for a 
Curved, Stiffened Panel at Different Pressure 
Differentials 
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Figure 5.13: Effect of Coverage of Y-434 Damping Tape on High 

Frequency Noise Reduction Characteristics on a 
Curved, Stiffened Panel at Different Pressure 
Differentials 
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very small with application of damping tape. The additional 
stiffening effect of the constraining layer Is balanced out by 
the additional mass added. Once again, the values of resonance 
frequencies are Ill-defined precluding any general conclusions. 
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CHAPTER 6 


NOISE REDUCTION CHARACTERISTICS OF STIFFENED FLAT AND 
CT IRVED PANELS WITH Y-436 DAMPING TAPE 

6«1 TESTS PERFORMED ON PANELS COVERED WITH Y-436 

During the present series of investigations for noise reduction 
characteristics, panels covered vd.th the Y-436 were tested for the 
effect of varying pressure differentials, percent of damping material 
coverage, and noise source effects. Four pressure differentials 
were examined (0, 1, 2, and 3 psi) under two types of noise sources, 
white noise and swept sine wave noise, with three different coverages 
(30Z, 60Z, and 100%) of the Y-436 damping tape* Two panels were 
tested for their noise reduction characteristics: a flat, stiffened 

panel and a curved, stiffened panel. Results of these tests, both 
narrow-band and one-third octave plots, for the Y-436 damping tape 
applied to the flat panel are given in Appendix A (Figures A. 57 
through A. 80). Results for the curved panel are given in Appendix 
B (Figures B.56 through B.80). 

6.2 FLAT PANEL RESULTS 

Tests were carried out to determine the effect of noise source 
on the panels. These tests were done with the same procedure as 
those outlined in the first paragraph of Section 3.1.1 of this report. 
The effect of noise source is once again negligible. 
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Figure 6.1: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Flat, Stiffened Panel with 30% 
Y-436 Damping Tape at Low and High Frequencies 
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6.2.1 30X Panel Coverage 


Results of the tests are given in Appendix A (Figures A. 57 
through A. 64). A crossplot of Che results for the effect of pressure 
differential on noise reduction Is given in Figure 6.1. This figure 
shows that the effect of Increasing the pressure differencial Is to 
Increase Che noise reduction ability of the panel in the low frequency 
region. Noise reduction Is Increased from 20 dB at 0 psi pressure 
differencial to 31 dB at 3 psl. The slope of the curve Is large in 
the first 1 psi region, giving a large increase In noise reduction, 
but Chen flattens out In the higher pressure differentials to a final 
value of 31 dB. The high frequency noise reduction characteristics 
as a result of pressure differential are unchanged. The high frequency 
values are relatively unaffected by the depressurization and stay at 
approximately 38.5 dB noise reduction. 

The resonance frequency changes according to Che graph in Figure 
6.2. An increasing pressure differential pushes the resonance fre- 
quency up from its initial value of 120 Hz to about 190 Hz in the 
first 1 psi pressure differential. This value is further Increased 
to 213 Hz with a differential of 3 psl. So the effect of increasing 
pressure differential Is to Increase the resonance frequency and to 
Increase the low frequency noise reduction characteristics, while 
not affecting the high frequency characteristics. 

6.2.2 60X Panel Coverage 

Results of Che tests for this coverage are presented in Appendix 
A (Figures A.f through A. 72). A cross plot of the effect of pressure 
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Figure 6.3: Effect of Pressure Differencisl on Noise Reduction 

Characteristics of a Flat, Stiffened Panel with 60Z 
Y-436 Damping Tape at Low and High Frequencies 
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differential on the noise reduction characteristics of the panel is 
given in Figure 6.3. This figure shows that by increasing the pressure 
differentia, across the panel from 0 psl to 1 psi, the noise reduction 
gained is 10.5 dB. At 0 psl pressure differential the noise reduction 
is 17.5 dB, so the increase gives a value of 28 dB at 1 psl. This 
value is increased to 31 dB at 3 psl. High frequency noise reduction 
is again not changed by stiffening the panel. High frequency reduc- 
tion is constant throughout at 40 dB. 

Figure 6.4 shows the results of stiffening the panel on the value 
of the resonance frequency. With this treatment, the flat panel has 
an initial resonance frequency of 110 Hz. This value increases to 
207 Hz at 3 psi, with a major increase occurring in the first 1 psi. 

6.2.3 100% Panel Coverage 

Results of these tests on the flat panel are given in Appendix 
A in Figures A.73 through A.80. A cross plot of the effect of pressure 
differential of the noise reduction characteristics of this panel is 
given in Figure 6.5. The noise reduction value at 100 Hz increases 
from 17.5 dB at 0 psi to 28 dB at 1 psi, an increase of 10.5 dB. 

From 1 psl, the noise reduction increases to 30 dB at 3 psi pressure 
differential. There is no effect on the noise reduction character- 
istics in the high frequency domain. The noise reduction stays 
constant at 42 dB. 

The resonance frequency also increases as a result of depres- 
surization of the panel, as shown in Figure 6.6. Here the resonance 
frequency rises from 112 Hz to 210 Hz at a pressure differential of 
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Figure 6.6: Effect of Pressure Differencial on the Fundamental 

Resonance Frequency for Flat and Curved, Stiffened 
Panels with 1007 x<-436 
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Figure 6.7: Effect of Coverage of Y-436 Damping Tape on Low 

Frequency Noise Reduction Characteristics for a 
Flat, Stiffened Panel at Different Pressure Differentials 
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3 psl. The familiar large Increase in resonance frequency is 
exhibited in the first 1 psl pressure differential. The value at 
this pressure differential is 180 Hz. 

6.2.4 Effect of Percentage of Coverage 

The effects of percentage of coverage on the noise reduction 
characteristics of the flat panel are given in graphs in Figures 6.7 
and 6.8. Low frequency characteristics given in Figure 6.7 show 
that the effect of coverage is again negligible when considering 
the noise reduction of the panel. High frequency noise reduction 
characteristics shown in Figure 6.8 show a slight upward trend 
as a function of increasing coverage. This trend occurs in all 
of the pressure differential graphs, having a larger slope as the 
pressure differential increases. The resonance frequency remains 
nearly the same, indicating that the additional mass of the coverage 
is balanced out by the additional stiffness provided by the con- 
straining layer. 

6.3 CURVED PANEL RESULTS 

Results of these tests are given in Appendix B (Figures B.57 
through B.64). It can be concluded that there is no difference in 
results due to the white noise and the noise from the sweep oscillator. 

6.3.1 30% Panel Coverage 

A cross plot of the noise reduction characteristics versus 
pressure differential is given in Figure 6.9. This plot shows that 
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Figure 6.8: Effect of Coverage of Y-436 Damping Tape on High 

Frequency Noise Reduction Characteristics for a 
Flat, Stiffened Panel at Different Pressure Differentials 
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Figure 6.9: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Curved, Stiffened Panel with 
30Z Y-436 Damping Tape at Low and High Frequencies 
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the effect of the Increased pressure differential on low frequency 
noise reduction is to sharply increase the initial value of 30 dB 
at 0 psl to 34.7 dB at 1 psl. After this point, noise reduction 
increases steadily to 36.5 dB at 3 psl pressure differential. High 
frequency noise reduction decreases as the pressure differential 
goes up. The value drops from 37 dB to 35 dB for 3 psl. The effect 
of the pressure differential on the resonance frequency is shown in 
Figure 6.2. The tbsonance frequency sharply rises from 220 Hz at 0 
psl to 257 Hz at 1 psl pressure differential, a gain of 42 Hz. The 
Increase is not nearly as big at the higher pressure differentials 
tested, where the final value is 273 Hz at 2.5 psi pressure differ- 
ential. So the effect of increasing the pressure differential is to 
Increase both the resonance frequency and low frequency noise reduction 
while decreasing high frequency noise reduction. 

6.3.2 60% Panel Coverage 

Results of tests with 60% panel coverage of Y-436 are given in 
Appendix B (Figures B.65 through B.72). A cross plot of the noise 
reduction characteristics of this treated panel as a function of 
pressure differential is given in Figure 6.10. This figure shows 
that with increasing pressure differential the noise reduction 
ability increases from 30.5 dB to 37.5 dB at 3 psi pressure differ- 
ential along the low frequency curve. Like the previous high fre- 
quency noise reduction curve, the noise reduction characteristics 
decrease as pressure differential Increases. The value at 3000 Hz 
drops from 38 dB at 0 psi to 34.5 at 3 psl. 
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Figure 6.10: Effect of Pressure Differencial on Itolse Reduction 

Characteristics of a Curved, Stiffened Panel with 
60% Y-436 Daioping Tape at Low and High Frequencies 
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Figure 6.11; Effect of Pressure Differential on Noise Reduction 
Characteristics of a Curved, Stiffened Panel with 
1002 Y-436 Damping Tape at Low and High Frequencies 
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The resonance frequency Is shown as a function of pressure 
differential in Figure 6.4. This figure shows the familiar Increase 
in resonance frequency from 220 Hz at 0 psl to 270 Hz at 3 psl 
pressure differential. The big gain is once again from 0 psl to 
1 psl where the resnance frequency Is 252 Hz. 

6.3.3 lOOZ Panel Coverage 

Results of the tests for this coverage are presented in 
Appendix B (Figures B.73 through B.80). A cross plot of the effect 
of pressure differential on the noise reduction characteristics of 
the pauel is given in Figure 6.11. The trends of the results are 
similar to those of the 30Z and 60% coverage. The noise reduction 
Increases from 30.3 dB to 37 dB for 3 psl with a major stiffening 
effect occurring between 0 and 1 psl in the lower frequency region. 
The high frequency noise reduction values once again are reduded 
as a result of depressurizing the panel. The high frequency values 
fall from 39 dB at 0 psl to 37 dB at a 3 psl pressure differential. 

Figure 6.6 shows that the resonance frequency Is increased 
from a value of 220 Hz at 0 psl to 253 Hz at 1 psl pressure differ- 
ential, a gain of 33 Hz in the first 1 psl. The resonance fre- 
quency further flattens out slowly to a final value of 270 Hz. 

Again, stiffening the panel Increases both the resonant frequency 
and the low frequency noise reduction characteristics while de- 
creasing the high frequency values. 


81 




6.3.4 Effect of Parc«ntage of Covaraat 


The effects of percentage of coverage on the noise reduction 
characteristics of the flat panel are given as graphs In Figures 
6.12 and 6.13. The low frequency graphs given In Figure 6.12 show 
that the effect of coverage Is again negligible on the noise 
reduction characteristics for a curved panel. At high frequencies » 
due to the Increased mass, high frequency noise reduction Increases 
slightly. The effect of the constraining layer Is to Increase the 
stiffness of the base panel. However, the Increase In stiffness 
Is not high enough to overcome the effect of the Increased mass. 
Hence, the resonance frequency remains nearly the same. The values 
of the noise reduction at the resonance frequency are consistently 
lower than the values observed with Y-434 material. 
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Figure 6.12; Effect of Coverage of Y-436 Damping Tape on Low 
Frequency Noise Reduction Characteristics for a 
Curved, Stiffened Panel at Different Pressure 
Differentials 
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Figure 6.13: Effect of Coverage of Y-436 Damping Tape on High 

Frequency Noise Reduction Characteristics for a 
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Differentials 
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CBAPTBR 7 


MOISE RKDOCTION CHARACTBRISTICS OP STIFFBHED FIAT AMD 
CDRVBD PANELS WITH Y«370 DAMPING TAPE 
AMD PIBERCLASS INSULATION 

In this ch^tsr, noise reduction tests performed to assess the 
effects of T-370 damping tape and two types of fiberglass insulation 
on flat and curved panels are described and the results obtained 
are discussed. The T-370 damping tape alone was described in an 
earlier chapter. The fiberglass used in the testing is described 

3 

as a light Insulation (density • 0.817 Ib/ft ) and a heavy insulation 
(density - 7.345 Ib/ft^). 

7.1 TESTS PERFORMED ON PANELS COVERED WITH T-370 AND INSULATKRI 

Typical aircraft acoustic insulation consists of damping tape, 
acoustic (or thermal) insulation, and interior trim. Hence, the 
noise reduction values of these panels in the presence of a fiber- 
glass blanket were investigated. Panels covered td.th both T-370 
damping tape and fiberglass insulation were tested for the effect 
of varying pressure differentials and noise source. Four pressure 
differentials were examined (0, 1, 2, and 3 psi) under two types of 
noise sources, white noise and discrete noise. Two panels were 
tested for their noise reduction characteristics: a flat, stiffened 

panel and a curved, stiffened panel, all of the tests were run on 
these panels with lOOZ of the exposed area covered by both the T-370 
damping tape and the fiberglass insulation. Results are presented 
in the form of narrow^band and one-third octave plots in Appendix A 
for the flat, stiffened panel and in Appendix B for the curved. 
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stiffened panel. Test results for the light fiberglass Insulation 
combination are shown in Figures A.81 through A.88, and those for 
the heavy Insulation cofld>lnatlon in Figures A.89 through A. 96 for 
the flat panels. The data corresponding with both treatments for 
the curved panel are presented in Figures B.81 throu^ B.88 and 
B.89 through B.96. 

7.2 FLAT PANEL RESULTS 

Results of these teste for this treatment are given in Appendix 
B (Figures B.81 through B.96). By comparing the similar graphs 
for the differing noise sources. It was determined that there is 
little difference between the two. It can be therefore concluded 
that under the test conditions there is no difference between the 
two sources. 

7.2.1 Y-370 and Light Insulation 

The flat panel was tested for its noise reduction characteristics 
with lOOZ of its exposed area covered by a layer of T-370 damping 
tape and a layer of ll^ht fiberglass insulation. The insulation 

3 

has a density of 0.817 Ib/ft . The insulation was loosely placed 
over the Y-370 tape. 

A cross plot of the effect of pressure differential on the 
noise reduction characteristics of this panel is given in Figure 7.1. 
This figure shows that for the flat panel, the noise reduction values 
Increase from 22 dB at 0 psl to 30.3 dB at 3 psi pressure differential. 
Most of the increase occurs in the first 1 psi where the noise 
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Figure 7.1: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Flat, Stiffened Panel with 
lOOZ Y-370 Damping Tape and Light Insulation at 
Low and High Frequencies 
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Figure 7.2: Effect of Pressure Differential on the Fundamental 

Resonance Frequency for Flat and Curved, Stiffened 
Panels with 100% Y-370 and Light Fiberglass Insulation 
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raduetioa value is 27.5 dB. The high frequency nolee reduction 
characteristics fall from 48.5 dB at 0 psi to 46 dB at 3 psi pressure 
differential along a straight line. 

Figure 7.2 shows the effect of pressure differential on the 
resonance frequency. The resonance frequency rises from 150.4 Hz 
at 0 psi to approximately 180 Hz at 1 psi pressure differential. 

From this point, the curve levels out to a final value of 190 Hz at 
3 psi. The effect of increasing pressure differential is to increase 
the resonance f requenc / a ^ low frequency noise reduction while 
decreasing the high frequency characteristics. 

7.2,2 Y-370 and Heavy Insulation 

The flat panel was tested for Its noise reduction characteristics 
with 100% of Its exposed area covered by a layer of Y-370 damping tape 
and a layer of heavy fiberglass Insulation. The insulation has a 

3 

density of 7.345 Ib/ft and was loosely placed over the Y-370 tape. 

Results of these tests for the flat panel are given in Appendix 
A (Figures A. 89 through A. 96). A cross plot of these results Is given 
In Figure 7.3. This figure shows that the noise reduction rises 
from 22 dB at 0 psi to 30 dB at 3 psi pressure differential. A big 
increase is seen in the first 1 psi where the value is 27.7 dB. 

The high frequency noise reduction characteristics are level throughout 
the entire pressure differentials tested. This value is about 51.5 dB. 

Figure 7.4 shows the effect of Increasing pressure differential 
on the resonance frequency. In this graph, the resonance frequency 
starts at 150 Hz and swiftly Increases to 180 Hz at 1 psi. The 
resonance frequency levels out at 190 Hz at 3 psi pressure differential. 
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Figure 7.3: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Flat, Stiffened Panel with lOOZ 
Y-370 Damping Tape and Heavy Insulation at Low and 
High Frequencies 
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Figure 7.4: Effect of Pressure Differential on the Fundamental 

Resonance Frequency for Flat and Curved. Stiffened 
Panels with 100% Y>370 and Heavy Fiberglass Insulation 
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Fiberglass insulation loosely placed on the panel does not alter 
the low frequency noise reduction characteristics. A very slight 
decrease in resonance frequency is noticed which is within the 
experimental error. However, it becomes effective at high frequencies. 
Of the two fiberglass samples tested, the low density insulation 
Increases the noise reduction with 7 dB at 3000 Hz. Additional 
Increase in density does not increase the noise reduction in the 
same proportion. 

7.3 CURVED PANEL RESULTS 

7.3.1 Y-370 and Light Insulation 

Results of these tests are shown in Appendix B (Figures B.81 
through Figure B.88). A cross plot of the results is given in 
Figure 7.5. This cross plot shows the familiar Increase in noise 
reduction in the low frequency region, from 29 dB at 0 psi to 37 
dB at 3 psi pressure differential. High frequency values remain 
constant at 43.5 dB. 

The resonance frequency increases from 190 Hz to a value of 
240 Hz at 1 psi very rapidly, as shown in Figure 7.2. The resonance 
frequency has a final value of 265 Hz at 3 psi pressure differential. 

7.3.2 Y-370 and Heavy Insulation 

Results of the tests for this treatment are given in Appendix B 
(Figures B.89 through B.96). A cross plot of the results is given 
in Figure 7.6. This graph shows that the effect of increasing the 
pressure differential is to increase the low frequency noise reduction 
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Figure 7.5; Effect of Pressure Differential on Noise Reduction 
Characteristics of a Curved, Stiffened Panel with 
lOOZ Y-370 Damping Tape and Light Insulation at Low 
and High Frequencies 
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Figure 7.6: Effect of Pressure Differential on Noise Reduction 

Characteristics of a Cur ed« Stiffened Panel with 
lOOZ Y-370 and Heavy Insulation at Low and High 
Frequencies 
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valu«« from 29 dB at 0 pal eo 36.5 dB at 3 pal along a modaat alopa. 
For a high fraquaney tha noiaa raduetim ataya alatoat eonatanc, 
ranging from 68.5 dB to 47 dB betwaan 0 and 3 pal praaaura dlffar- 
antial. 

Tha raaonanea fraquaney Incraaaaa from 202 Ra to 240 Ha vary 
rapidly batwaan 0 and 1 pal praaaura dlffarantial, aa ahown in 
Flgura 7.4. Tha Incraaaa la not ao aavara aftar thla whan It rlaaa 
to 265 Hz at 3 pal praaaura dlffarantlal. Tha affact of the praaaura 
differential la to ralae the raaonanea fraquaney and low fraquaney 
nolae reduetlon eharaeterlatlea* and to reduea the high fraquaney 
noiaa reduetlon valuea. Onee again, aa in the eaaa of the flat 
panel, the flberglaaa Insulation, when plaeed loosely on the panel, 
has no effeet at all on the noise reduetlon at low frequenelas. 

High fraquaney noise reduetlon Inereases from 38 dB to 43.5 dB 
with a light insulation and 48.5 dB with a heavy Insulation. Tha 
raaonanea fraquaney daeraases with a light Insulation but Ineraasas 
with a heavy insulation. The reason for this la not understood at 
present. 
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CHAPTER 8 


DISCUSSION. CQMCLPSIOII8. AMD RECOHMEMDATIOMS 

Aftar tha taatlng It waa dlacovarad that all tha tasta with 
tha £lat, stiffanad panal, conduetad at aaro prasaura diffarantlal, 
had an imuaual drop in nolaa raduction diractly abova tha fundanantal 
panal raaonanca fraquancy. Thia drop In tha xioiaa raduction curva 
around 155 Hz doaa not appaar at hlghar praaaura dlffarantiala or 
in all tha aarllar taata with dlffarant typaa of panala (Rafaranea 2). 
A aiallar dip la alao praaant in aona of tha eurvad panal taata, but 
no conaiacant ralatlonahlp batwaan thaaa tasts can ba datactad. 

Tha absanca of thia particular drop at hlghar praaaura dlffarantiala 
doaa not nacaaaarily naan that It doaa not axlat at hlghar praaaurl* 
zatlona. It can ba hlddan within tha atlffanlng affect of tha 
dapraaaurlzation. Daapita an axtenalva checking of tha equipment, 
it waa not poaalble to pinpoint tha cauaa of thia phanonanon. 

Several poaaibla raaaona can be propoaad, but a unique ralatlonahlp 
between them and thia phanonanon cannot ba damonatratad. A non- 
uniform excitation of tha panal cauaed by malfunctioning of 3 of tha 
9 loudapaakara haa aomatlmea raaulted in a almllar raault. In 
another caaa a leak in tha cavity between tha apaakar wall and the 
teat panel haa cauaad an addltioual drop In nolaa raduction abova 
the fundamental raaonanca frequency. However, in later taata thia 
additional raaonanca dlaappaarad and could not ba repeated. 

Add. '.u>nal taata with different *rarlablaa auch aa apaakar output, 
aaallng, ate., did not raault in a repeat of tha phenomenon. 

Thaaa taata did ahow that tha tranda In tha nolaa raduction character- 
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istlcs observed in all the flat panel tests did not ehei^ with 
the disappearance of the additional drop in noise reduction. 

Figure 8.1 shows a conparison between the original test data 
and the data of a recent test for the sane panel. Noise reduction 
values In the stiffness-controlled region are alnost equal for 
both tests up to the fundamental resonance frequency. In the 
mass-controlled region the difference in the least-square-average 
lines for both tests Is minimal. Despite an unexplainable drop 
in noise reduction around 155 Hz in all the flat panel tests 
conducted at zero pressure differential and in some of the curved 
panel tests, the trends observed and the conclusions based on them 
are still valid. In general, the tests could be repeated within 
1-2 dB accuracy, with the largest difference in the values of the 
higher panel resonance frequencies. 

In this report, experimental noise reduction characteristics 
of flat and curved general aviation type structures are presented. 
The effects of pressure differentials, damping tape, and noise 
sources are described. Based on the experimental investigations, 
it is concluded that the noise source has negligible effect on the 
noise attenuation characteristics of the specimens under all con- 
ditions tested. This is considered to be so, due to the normal 
incidence of the panel in the Beranek tube and the very high sweep 
time of the sweep oscillator. The effect of curvature on a bare 
panel is to stiffen the panel, thereby increasing low frequency 
noise reduction. The maximum Increase in noise reduction occurs 
in the first 1 psi pressure differential in all cases. The gain 
in noise reduction for the curved panel is smaller compared to 
that of the flat panel, since it is inherently stiffer. In the 
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high frequency region Che noise reduction decreases by 1-3 dB 
due to pressurization. This result is consistent with published 
theoretical results (Reference 4). 

Even at room temperature, the effect of damping capes on the 
overall noise reduction is negligible away from the resonance 
frequency. When the mass of fche damping tapes constitutes a large 
percentage of the mass of Che specimen, as in the case ox lOOZ 
coverage, the effect is essentially to Increase the noise reduction 
in the high frequency region. The test results indicate that with 
greater application of T-370 material, the fundamental resonance 
frequency decreases. This is due to Che fact that only mass is 
added, not stiffness (Chapter 4). With Y-436 and Y-434 materials, 
which have constraining layers, the resonance frequency shift is 
negligible, indicating that the additional stiffness produced by 
the constraining layer balances out the effect of added mass on 
Che resonance frequency (Chapters 5 and 6). The effect of per- 
centage of coverage is to decrease low frequracy noise reduction 
and to increase noise reduction at high frequencies. Decreases 
were very slight for all the pressure differentials tested. 

Scatter of the noise reduction values at the fundamental 
resonance frequency precludes any general conclusion about the 
effect of percentage of coverage of the damping material. In 
general, the resonance peaks and dips are reduced by the application 
of damping material. The effect of fiberglass Insulation materials 
Is to Increase high frequency noise reduction. Fiberglass material 
loosely placed over the test panel has no effect on low frequency 
noise reduction (Chapter 7). 
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The experimencal investigations were carried out only at 
normal incidence. It is reconaended that the effect of angle of 
incidence on the noise attenuation characteristics of these 
specimens be investigated. More testing is also recomnended to 
find the composite loss factor of the test specimens. Studies are 
also recomnended to investigate why the additions of light and 
heavy sound absorption materials produce opposing effects on the 
resonance frequency of panels with damping material. 
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APPENDIX A 


EXPERIMENTAL NOISE REDUCTION DATA FOR 
FLAT STIFFENED PANEL 
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NOISE REDUCTION dB NOISE REDUCTION 



(a) Narrow Band Analysis 



FlguraA.li Nolsa Raduetlon Charactsrlstlcs of a Flat, Stlffaned Pans! 

at 0 psl Pressura Diffarentlal with No Traatmant undar 
a Discrete Noise Source 
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PReOUCNCV — Ha 

(a) Narrow Band Analysis 



Flgisra A.3t Nelsa Raduetlen Charaetsrlscies of a Flat, Selffanad Panal 
at a psl Pressure Differential with Vo Treatnent under 
a Discrete Noise Source 
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NOlSe REDUCTION dB NOISE REDUCTION 



FREQUENCY Ha 

(a) Narrow Band Analysis 



Figura A«4 i Noisa Raduccion Charaetarlscics of a Flat, Stlffanad Panal 
at 3 psl Prassura Dlffarantlal with No Traatmant under 
a Dlscrata Noise Source 
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NOISE REOUCTION dB NOISE REOUCTION 



(a) Narrow Band Analysis 



Flgara A«St Nolsa aadoctlon Charaetarlstles of a Flat, Stlffsnad Panal 
at 0 psl Frastura Dlffarantlal with No Traataanc undar 
Uhita Nolsa 
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Flgorc h,6t NoIm Hsduetloa Charaetsrlstles of • FUc, Seiffoaod Ponol 
•t 1 pal Proaaura Oiffarontlal irleh Wq Traatnont undar 
WhiCa No Isa 
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NOISE REDUCTION cM NOISE REDUCTION 



(s) Nsrzoir Bsnd Anslysla 



Figurs A«7 i Beiss Rsduetlon Charsctsrlstles of s Fisc, Sciffsssd Psnsl 
•St 2 psl Prsssurs Dlffsrsatlsl with No TrosCasne undsr 
Whits Nolss 
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(b) 1/3 Octav« Analysis 

* * • ^ i i 4$tMai 2 t «s 

tuD :dQO 

ratOUSNCV Mb 

Figure Ao 8: Noise Reduction Cbereeterlstles of e Flee, Stiffened Panel 

at 3 pel Pressure Differential with No Treetnent under 
Whits Noise 
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NOISE REDUCTION 



Figure A. 9 1 Noise Reduction Cberaeterlstlcs of a Flat, Stiffened Panel 
at 0 pel Presmire Differential with Y-370 Damping Tape 
under a Discrete Noise Source 
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NOlSe REOUCTtON 




(a) Narrow Band Analysis 



(b) 1/3 Octava Analysis 

i i j«» 

FRCQUBNCY — Ha 


Figurs A.lOt Nolsa Rsduction Cbaraccsrlscies of a Flat, Sclffsnad Panel 

at 1 pal Prsssura Olffsrsntail wlch Y-370 Damping Taps 
undsr a Discrete Noise Source 
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Figure A. 11: Noise Reduction Cherecteristics of e Flet, Stiffened Panel 

at 2 psi Pressure Differential with 7-370 Damping Tape 
under a Discrete Noise Source 
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NOISE REDUCTION dB NOISE REDUCTION 



(a) Narrow Band Analysis 



Figure A. 12: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 3 psl Pressure Differential with Y*370 Damping Tape 
under a Discrete Noise Source 
115 



NOISE REDUCTION dB NOISE REDUCTION 
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(a) Narrow Band Analysis 



Flgurs A. 13: Noise Reduction Charaeterlstles of a Flat, Stiffened Panel 

at 0 psi Pressure Differential with Y-3/0 Damping Tape 
under White Noise 
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NOISE REDUCTION — M NOISE REDUCTION 



Figure A. 14: Noise Reduction Cherecterlstlcs of e Flat, Stiffened Panel 
at 1 pal Pressure Differential with Y*370 Damping Tape 
under White Noise 


117 



NOISE REDUCTION 
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(a) Itorrow Band Analysis 


(b) 1/3 Octava Analysis 
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Flgurt A.lSt Nolsa Raduetlon Charaetsrlstles of a Flat, Stlffanad Paaal 
at 2 psi Prastura Dlffarentlal with Y-370 Damping Tapa 
under White Nolsa 
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Figure A. 16: Noise Reduction Cherecterlstics of a Flat, Stiffened Panel 

at 3 psl Pressure Diffettietiel with T-370 Damping Tape 
under White Noise 
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NOISE REDUCTION dB 



(a) Narrow Band Analysis 



I 1 t 1 It 

in :so 

^ff6QU6NCV — Hm 


Figure A. 17: Noise Reduction Characteristics of a Flat, Stiffened Pannl 

at 0 psi Pressure Differential with Y«370 Damping Tape 
under a Discrete Noise Source 
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NOISE REDUCTION cJB NOISE REDUCTION 
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(a) Harrow Band Analysis 
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Figure A. 18: Noise Reduction Charaateriatics of a Flat, Stiffened Penal 

at 1 psi Pressure Differential with Y-370 Damping Tape 
under a Discrete Noise Source 
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(a) KUrow Band Analysis 



Figura A. I9t Nolsa Raduetlon Charaetarlsltles of a Flat, Stiffanad Panal 
at 2 psi Prassura Dlfferantlal vlth Y»370 nanplng 
undar a Dlscrata Nolsa Sourca 
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Figure A.20t Noise Reduction Cheraecerletlee of e Flet, Stiffened Panel 
at 3 pel Pressure Differential with Y-370 Damping Tape 
under a Discrete Noise Source 
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NOISE REDUCTION ciB NOISE REOUCTtON 



(a) Narrow Band Analysis 



Flgura A. 21: Nolsa RaducCion Characcarlsclcs of a Flac, Stiffened Tanel 

at 0 psi Prassura Diffamncial with Y*370 Oaapiag Tape 
under White Noise 
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NOISE REDUCTION 
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(a) Narrow Band Analysia 
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Flfura A. 22: Nolaa Raduction Charaetalstlea of a flat, Stlffanad Panal 
at 1 pal Praaaura Dlfferanclal with T-370 Daaipini Taps 
undar Whlta Nolaa 
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Figure A. 23:' Noise Reduction' Characteristics 'of 'a Flat, Stiffened Fanel 
at 2 psl Pressure Differential with Y-370 Damping Tape 
under White Noise 
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Flgur* a.24< No1s« Raduction Chatactarlstlcs of a Flat, $tl££anad Panel 
at 3 pal Fraaaura niffarantlal with Y-370 Damping Tape 
under White Noise 
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(a) Narrow Band Analysis 



Figure A.25I Nolsa Reduction Characteristics of a Plat, Stiffened »inel 
at 0 psi Pressure Differential with Y-370 Damping Tape 
under a Discrete Noise Source 
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(aj Narrow Rand Analysis 



Figure A.26t Noise Reduction Chereet er Antics o£. a Flat, Stiffened Fanel 
at 1 psl Pressure Differential with Y-370 Damping Tape 
under' a Discrete Noise Source 

'V 
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NOISE REDUCTION ctB NOtSC REDUCTION 



(a) Narrow Band Analysis 



Flgura A. 27: Nolsa Raduecion Characteristics of a Flat, Stiffened 

at 2 psl Pressure Differential with Y-370 Damping Tape 
under a Discrete Noise Source 
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NOISE REDUCTION dB NOISE REDUCTION 



(a) Narrow Band Analysis 



Figure A. 28: Noise Reduction Characteristics of a Flat, StlFfsned Panel 

at 3 psi Pressure Differential with Y-370 Damping Tapo 
under a Discrete Noise Source 
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Figure A.29> Noise Reduction Characteristics of a <^lat, Stlffene'® '>anel 

St 0 psl Pressure Differential with Y-370 Damping Material 
under White Noise 
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NOISE REDUCTION ' — dB NOISE REOUCl 



(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 
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Figure A. 30: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 1 psi Pressure Differential with Y-370 Damping Tape 
under White Noise 
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NOISE REDUCTION cJB NOISE REDUCTION 



(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 


i 


7 19 


FREQUENCY Ms 


i 


Figure A.31t Noise deduction Characteristics of a Flat, Stiffened Panel 
at 2 psl Pressure Oiffereaclal with T*370 Damping Tape 
under White Noise 
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Flgura A.32: Nolsa Reduction Characteristics of a Flat, Stiffened Paael 

at 3 psl Pressure Differential with Y-370 Damping Tapes 
under White Noise 
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NOISE REDUCTION dB NOISE REDUCTION — dB 
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(a) Narrow Band Analysis 
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Figure A«33t Noise Reduction Characteristics of a Flat, Stiffened Panel 
at 0 psi Pressure Differential with Y«434 Damoing Tape 
under a Discrete Noise Source 
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NOISE REOUCTtON dB NOISE REDUCTION 
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(a) Narrow Band Analysis 



Flgura A«34 j 


Nolsa-Esduetlen^Charaecsclatlea. of a Plat, Stlffsnsd Pansl 
at 1 psl Pressure Plf fersntlal with Y-434 damping Tape 
under a Olscrata Noise Source 


137 



NOISE REDUCTION dS 
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(a) Narrow Band Analysis 





(b) 1/3 Octave Analysis 
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Figure A«35 j Noise Reduction Characteristics of a Flat, Stiffened Panel 
at 2 pal Pressure nifferenclal with y«434 damping Tape 
under a Discrete Noised Source 
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f40ISE REDUCTION ~ dS NOISE REOUCTtON 



(a) Narrow Band Analysis 



Figura a*36i Nolsa Raductlon Characteristics of a Flat, Stiffened Panel 
at 3 pal Praaeura Differential with Y-434 Damping Tape 
under a Discrete Noise Source 


139 
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(a) Narrow Band Analysis 



Figure A.37: Noise Reduction Cnaracterlstlcs of a Flat, Stiffened Fanel 

at 0 psl Pressure Differential with Y-43A Damping Tape 
under White Noise 
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NOISE REOUCTtON dB NOISE REDUCTION ~ dB 



(a) Narrow Band Analysis 



Figure A*38 i Noise Reduction Characteristics of a Flat, Stiffened Panel 
at 1 pel Pressure Differential with Y-434 Damping Tape 
under Vhlte Noise 
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Figure A*39t Noise Reduction Characteristics of a Flat, Stiffened Panel 
at 2 psl Pressure Differential with Y-434 Damping Tape 
under White Noise 
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NOISE RCOUCTION dB NOISE REDUCTION dB 



(a) Narrow Band Analysis 



Figure A«40 i Noise Reduction Characteristics o£. a Flat, Stiffened Panel 
at 3 pal Pressure Olfferantlal with Y-A34 Damping Tape 
under White Noise 


143 


NOISE REDUCTION dB NOISE REDUCTION dB 



(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 
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Figure A«A1: Noise Reduce Ion Char act eristic a of a Flat, Stiffened Fane! 

at 0 pal Pressure Differential with Y>434 Damping Tape 
under a Discrete Noise Source 
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NOtSE REDUCTION ciB NOISE REDUCTION dB 



(a) Narrow Band Analysis 



Figure a»^ 2: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 1 psl Pressure Differential with Y-434 Damping Tape 
under a Discrete Noise Source 
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NOISE REDUCTION dB NOISE REDUCTION ■ — dB 



(a) Narrow Band Analysis 



Figure a«A 3: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 2 psl Pressure Differential with Y-434 Damping Tape 
under a Discrete Noise Source 
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NOISE REDUCTION dS NOISE REDUCTION dB 
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(a) Narrow Rand Analysis 



FREQUENCY H* 


Figure a.44j Noise lleductlon Characteristics of a Flat, Stiffened Panel 
at 3 pal Pressure Differential with Y-434 Damping Tape 
under a Discrete Noise Source 
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(a) Narrow Band Analysis 




(b) 1/3 Octave Analysis 
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Figure A.45; Noise Reduction Characteristics of a ~lat. Stiffened "anel 
at 0 psl Pressure Differential with Y«434 Damping Tape 
under White Noise 
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NOISE REDUCTION — dB 



(a) Narrow Band Analysis 



Figure A«46t Noise Reduction Characteristics of a Flat, Stiffened Panel 
at 1 psl Pressure Differential with Y-434 Damping Tape 
under White Noise 
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NOISE REDUCTION 
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(a) Narrow Band Analysis 
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Figure a* 47: Noise Reduction Cheracterlstles of a Flat, Stiffened Panel 

at 2 psi Pressure Differential with f-434 Damping Tape 
under White Noise 
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NOISE REDUCTION dB NOISE REDUCTION 



(a) Narrow Band Analysis 



rigure A*48 i Nolsa Baduetlen Charactsrlatles- of a. Flat, Stiffened 

at 3 pel Pressure Differential with Y-434 Damping Tape 
under White Noise 
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(a) Narrow Band Analysis 



Tlgura A. 49: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 0 psi Pressure Differential with Y«434 Damping Tape 
under a Discrete Noise Source 
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(a) Narrow Band Analysis 



Flgura A»S0t Nolsa Raduetlon Charaetarlstles of a Flat, Sclffanad Panal 
at 1 psl Pressura DlffarantUl with Damping Taps 

under a Discrete Noise Source 
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(a) Narrow Band Analysis 



(b) 1/3 Octave Analysis 
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Figure A.51 s Noise Reduction Characteristics of a Flat, Stiffened Panel 
at 2 psl Pressure Differential with T-434 Damping Tape 
under a Discrete Noise Source 
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NOISE REDUCTION ~ dS NOISE REDUCTION dB 



(a) Narrow Band Analysis 
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Tigura a«52i Noise Reduction Character let lee of a Flat, Stiffened Panel 
at 3 psl Pressure Differential with Y-A34 Damping ‘’“ape 
under a Discrete Noise Source 
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Figure A«53: Noise Reduction Characteristics of a Flat, Stiffened Fanel 

at 0 psl Pressure Differential with Y-434 ’'amplng Tape 
under White Noise 
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(a) Narrow Band Analysis 



Figure A«54; Noise Reduction Characteristics of a Flat, Stiffened ”anel 
at I psl Pressure nifferentlal with Y-43A Damping Taoo 
under Wldte Noise 
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(a) Narrow Band Analysis 



Figure k»55i Noise Reduction Characteristics of a Flat, Stiffened Panel 
at 2 psi Pressure Differential with Y-434 Damping Tape 
under White Noise 
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NOISE REDUCTION dB NOISE REDUCTION dB 





(a) Narrow Band Analysis 



Figure A.56{ Noise Reduction Characteristics of a Flat, Stiffened Panel 
at 3 psi Pressure Differential with Y-434 Damping Tape 
under White Noise 
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(a) Narrow Band Analysis 
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Figure A. 57 Noise Reduction Characteristics of a Flat, Stiffened i*anel 
at 0 psl Pressure Differential with Y-436 Damping Tape 
under a Discrete Noise Source 
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Flgura a. 58< Nolsa Raductlon Characteristics of a Flat, Stiffened Panel 
at 1 psl Pressure Differential with Y-436 Oamplns Tape 
under a Discrete Noise Source 
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(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 
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Figure a. 60: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 3 psl Pressure Differential with Y-436 Damping Tape 
under a Discrete Noise Source 
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(a) Narrow Band Analysis 
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Figure A. 61: Noise Reduclon Characteristics of a Flat, Stlffeeed Panel 

at 0 pal Pressure Differential with Y-436 Damping Tape 
under White Noise 
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(a) Narrow Band Analysis 



Flgura A. 62: Nolsa Raductlon Charaeterlstles of a Flak^ Stiffantd Panel 

at 1 psi Pressure Differential with Y*436 Damping Tape 
under White Noise 
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Figure A. 63: Noise Reducfclon Cherecteriatles of e Flee, 

at 2 pal Pressure Differencial with Y-436 Damping Tape 
under White Noise 


166 



NOISE REDUCTION dB 


. 1 ; 



l ) 4 j e 7 I j I * I « s 8 7 i i • * i * s 

lOS lODO 

FREQUENCY - — H« 


(a) Narrow Band Analysis 
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Figure A.64t Noise Reduction Characterlscics of a Flat, Stiffened Fanel 
at 3 psi Pressure Differential with Y«436 Damping Tape 
under White Noise 
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figure A. 65: Noise Reduction C!iaraccerlstlc8 of a Flat, Stiffened ?anel 

at 0 psi Pressure differential with Y-436 damping Tape 
under a Discrete Moise Source 
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NOISE REDUCTION dS NOISE REDUCTION dB 



(a) Narrow Band Analysis 



Figure A. 66: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 1 psi Pressure Differential with Y-436 Damping Tape 
under a Discrete Noise Source 
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(a) Narrow Band Analysis 



Figure A. 67: Notn''. Redactieo Chetacc eristics of a Flat, Stiffened Panel 

a 2 psl Pressure Differential with Y-436 Damping Tap<» 
under a Discrete Noise Source 
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(a) Narrow Band Analysis 



Flijure A. 68: Noise Reduction Characteristics of a Flat, Stiffened »anel 

at 3 psi Fressure Differential with Y-436 Damping Tape 
under a Discrete No.se Source 
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(a) Narrow Band Analysis 
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Figure A.69t Noise Reduction Characteristics of a Flat, Stiffened Panel 
at . 0 psi Pressure Differencial with Y-436 Damping Tape 
under White Noise 
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(a) Narrow Band Analysis 



Figure A. 70: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at I psl Pressure Differential with Y-436 Damping Tape 
under White Noise 
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(a) Narrow Band Analysis 
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Figure A. 71: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 2 psl Pressure Differential with Y-436 Damping Tape 
under White Noise 
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NOISE REDUCTION <JB 



(b) 1/3 Octave Analysis 

r 3 4 S 8 7 8 9 I ^ J 4 S 9 7 9 a I 3 3 T 5 

•<» 1000 
FREQUENCY — Hz 


Figure A. 72: Noise Reduction'Characterlstlcs of a Fist, Stiffened Pancjl 

at 3 psl Pressure Differential with Y-436 Damping Tape 
under White Noise 
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(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 
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Figure A.73t Noise Reduction. Charactcclatlea. of. a^Flat,. Stiffened ?anel 
at 0 psl Pressure Differential with Y-436 Daoplng Tape 
under a Discrete Noise Source 
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Figure A.74J ^^ol3c Reduction Charecterlatlcs of e Flat, Stiffened ?anel 
at I pal Presaure Dlffemetlal with Y-436 namplng Tape 
under a Discrete Noise Source 
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(a) Narrow Band Analysis 



Flgura A. 75: Noise Reduction Characteristics of a Flat, Stiffened Peael 

at 2 pal Pressure Differential with Y>A36 Daoplna Taoe 
under a Discrete. Noise Source 
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(a) Narrow Band Analysis 



Flgura A.76t Nolsa Raduction Charactarlsties of a Flat, Stlffanad Panal 
at 3 pal Fresnre Olffarantlal with Y-436 Damolng Tape 
under a Discrete Noise Source 
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(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 
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Figure A. 77: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 0 osi Pressure Differential with T-436 Damping Tape 
under White Nclee 
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(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 


I 1 ‘ J « ' • » ’ 

:xQ 

EHEQUENCV ~ Hs 



1 4 


i 


Figure A. 73 t Noise Reduction Characteristics of a Flat, Stiffened Panel 
at 1 psl i'ressuee Differential with Y«436 Damping TApe 
under Wltlte Noise 
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(a) Narrow Band Analysis 



Figure A. 79: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 2 psl Pressure Differential with Y-436 Damping Tape 
under White Noise 
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(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 
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Figure A.SOi Noise Reduction Characteristics of a Flat, Stiffened Fanel 
at 3 Psl Pressure Differential with Y-436 Damping Tape 
under White Nosie 
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Figure A. 81 I NoleeReduetlon Characteristics of a Flat, Stiffened Fanel 

at 0 psl Pressure Differential with Y«370 Damping Tape and 
0.817 lb/ft3 Insulation under a Discrete Noise Source 
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(a) Narrow Band Analysis 
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(b) 1/3 Octava Analysis 
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Flgura A. 82: Nolsa Raduetlon Characcarlstles of a Flat, Sclffanad Panel 

at 1 psl Prassura Slffarantlal. i»lth^ 7-370 Daaplng Tape and 
0.817 lb/fc3 Insulation undar a Dlscreta Nolsa Source 
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(a) Narrow Band Analysis 



Figure A .831 Noise Reduction Characteristics of a Flat, Stiffened Panel 
at 2 psi Pressure Differential with Y-370 Damping Tape and 
0.817 lb/ft3 Insulation under a Discrete Noise Source 




(a) Narrow Band Analysis 



Flgura A.84t Noiaa Raductlon Charactarlaeics of a Flat, Stlffmad Panal 

at 3 pal Pressure Differential with Y-370 Danplne Taoe and 
0.817 lb/ft3 Insulation under a Discrete Noise Source 
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Figure A«8S: Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 0 psi Pressure Differential with Y-370 Damping Tapei and 
0.817 lb/fc3 Insulation undar White NOise 
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(a) Narrow Band Analysis 



Flgurs A.87: Noiss Rsductlon CharactsrlsClcs of a Fisc, SClffsnsd Pans! 

St 2 psl Prsssurs DlffsrenClsl with Y-370 Dsmplns Tape and 
0.817 lb/fc3 Insulation under vntics Noise 



Figure A«88t Nola* Reduction Chereeterietics of e Flat, Stiffened Panel 

at 3 pai Preaeure Diffemntial with Y-370 Dancing Tape and 
0.817 lb/ft3 Inaulation under White Noiae 
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(a) Marrow Band Analysis 





Figure a«89i Nolsa Reduction Characteristics of a Flat, Stiffened Panel 
at 0 pel Pressure Differential with T-370 Damping Tape and 
7.34S lb/ft3 Insulation under a Discrete Noise Source 
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(a) Narrow Band Analysis 



II 


(b) 1/3 Octavo Analysis 
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(a) Narrow Band Analysis 



(b) 1/3 Octave Analysis 
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Flgura A.91i Noise Reduction Characteristics of a Flat, Stlffeaad Panel 

at 2 psl Pressure Differential with Y*370 Daaplng Tape end 
7.345 lb/ft3 Insulation under a Olscreto Noise Source 
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Figure A. 92: Noise Reducclon Characteristics of a Flat, Stiffened Panel 

at 3 psi Pressure Differential with Y-370 Damping Tape:-and 
7.345 lb/ft3 Insulation under a Discrete Noise Source 
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(a) Narrow Band Analysis 



Flgurs A* 93 I No Isa Rsdoetlon Charactarlscica of a Flat, SClffanad Panel 

at 0 psl Pressure Differential with Y-370 Damplns Tape and 
7.345 lb/ft3 Insulation under White Noise 
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(a) Narrow Band Analysis 
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Figure A.94 i Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 1 pel Pressure Differential with Y-370 Damping Tape and 
7.345 lb/ft3 Insulation under White Noise 
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(a) Narrow Band Analysis 
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Flgura a* 9S: Nolsa Raductlon Chataeterlstlcs of a Flat, Stlffenad Panel 

au 2 pal Prasaura Dlffarantlal with Y«370 Damping fapa and 
7.3AS lb/fc3 Insulation under White Noise 
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NOISE REDUCTION — d0 



(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 
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i^lgure A«9b» Noise Reduction Characteristics of a Flat, Stiffened Panel 

at 3 psi Pressure Differential with Y-370 Damping Tape and 
7.345 lb/ft3 Insulation under White Noise 
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APPENDIX B 

EXPERIMENTAL NOISE REDUCTION DATA FOR 
CURVED STIFFENED PANEL 
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Figure B.l: Bare Curved Panel Noise Reduction Characteristics 

at 0 psl pressure differential under discrete noise 
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(a) Narrow Band Analysis 



Figure B.2: Noise Reduction Characteristics of a Curved, Bare Panel 

at 1 psl pressure differential under discrete noise 
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(a) Narrow Rand Analysis 



Figure B.3: Noise Reduction Characteristics of a Bare, Curved Panel 

at 2 psl pressure differential under discrete noise 
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(a) Narrow Band Analysis 



Figure B.At Noise Reduction Characteristics of a Curv^, Bare Panel 
at 2.5 psi pressure differential under liscrete noise 
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NOISE REDUCTION 



Figure B.5: Noise Reduction Characteristics of a Curved, Bare Panel 

at 0 psi pressure differential under white noise 
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(a) Narrow Band Analysis 



Figure B.6t Noise Reduction Characteristics of a Curved, Bare Panel 
at 1 psi Pressure Differential under White Noise 
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(a) Narrow Band Analysis 



Figure B«7: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 psi Pressura Differencial with no creacmenc under 
Vhlce NOise 
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Figure B.8 does not exist. 

Page Intentionally left blank for reasons 
of convenience in cottparlng test data for 
curved panel with flat panel results in 
Appendix A. 
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(a) Narrow Band Analysis 



Figure B.9: Noise Reduction Characteristics of a Curved, Stiffened Tanel 

at 0 psl Pressure Differential with Y-370 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 



(b) 1/3 Octavv Analysis 
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Figure B.IO: Noise Reducclon Characteristics of a Curved, Stiffened Panel 

St I psl Pressure Differential with Y-370 Damping Tips under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 
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Figure B.11: Noise Reduction Characteristics of a Curved, Stiffened 

Panel at 2 psi Pressure Differentia) with Y-370 Damping 
Tape under a Discrete Noise Source. 
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Figure B.12I Noise Reduction Characteristics of e Curved, Stiffenei Panel 

at 3 psi Pressure Differential with Y-370 Damping Tipe under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 




(b) 1/3 Octave Analysis 
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Figure B.13> Noise Seduction Cbaraet eristics of a Curved, Stiffened Panel 

at 0 psl Pressure Differential with Y»370 Damping Tape under 
White Noise 
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(a) Narrow Band Analysis 



Figure B.15: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 pal Pressure Differential with Y~370 Damping Tape under 
White Noise 
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(a) Narrow Band Analysis 


(b) 1/3 Octave Analysis 
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Figure b. 16: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 3 psl Pressure Differential with Y«370 Damping Tape under 
White Noise 
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Figure B.17: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 0 psi Pressure Differential with Y-370 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 



Figure B.18: Noise Reduction Characterlsti of a Curved, Stiffened Panel 

at 1 psl Pressure Differential wlthY«370 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 



Figure B.I 9 : Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 psl Pressure Differential with Y-370 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 



(b) 1/3 Octave Analysis 
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Figure B.20: Noise Reduction Cbaractcrlstlcs of a Curved, Stiffened Panel 

at 3 psl Pressure Differential with Y-370 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 
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Figure B.21: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 0 psl Pressure Differential with Y-370 Damping Tape under 
White Noise 
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(a) Narrow Band Analysis 



Figure B.22: Noise Reduction Characteristics of a Curved, Stiffenel Panel 

at 1 psi Pressure Differential with Y-370 Damping T^pe under 
White Noise 
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Figure B.23; Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 psi Pressure Differential with Y-370 Damping Tape under 
White Noise 
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Figure B.24: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 3 pal Pressure Differential with Y-370 Damping Tape under 
White Noise 
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(a} Narrow Band Analysis 
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Figure B.25 : Noise Reduction Characteristics of i Curved, Stiffened Panel 

at 0 psi Pressure Differential with Y-370 Damping Tape 
under a Discrete Noise Source 
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(a) Narrow Band Analysis 



Figure B.26 : Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 1 psi Pressure Differential with Y-370 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 



Figure B. 27: Noise Reduction Characteristics of a Curved. Stiffened Panel 

at 2 psi Pressure Differential with Y-370 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 



Figure B. 28 : Noise Reduction Characteristics of a Curved, SCiffenel Panel 

at 3 psi Pressure Differential with Y-370 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 
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Figure B.29: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 0 psi Pressure Differential with Y-370 Damping Tape under 
White Noise 
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(a) Narrow Band Analysis 
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(b) 1/3 Octave Analysis 
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Figure B.30: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 1 psl Pressure Differential with Y-370 Damping Tape under 
White Noise 
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(a) Narrow land Analysis 



Figure B.31: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 psl Pressure Differential with Y-370 Damping Tape under 
White Noise 
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(a) Narrow Band Analysis 



Figure B. 32: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 3 psl Pressure Olffernetlal with Y-370 Damping Tape under 
White Noise 
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(a) liarrow Band Analysis 



Figure B.33: Noise Reduction Characteristics of a Curve'*, <>tlffened Panel 

at 0 psl Pressure Differential with Y-434 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 



Figure B. 34: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at I psi Pressure Differential with Y-434 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 





(b) 1/3 Octave Analysis 
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Figures. 35 : Noise Reduction Characteristics of a Curved, Stiffenel Panel 

at 2 psi Pressure Differencial with Y-^34 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 




(b) 1/3 Octave Analysis 
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Figure B.36: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 3 psi Pressure DifrurenCial with Y-^34 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 



(b) 1/3 Octave Analysis 
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Figure B.37: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 0 psi Pressure Differential with Y-434 Damping Tape under 
White Noise 
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(a) Narrow Band Analysis 



Figure b, 38J Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 1 psi Pressure Differential with Y-434 Damping Tape under 
White Noise 
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(a) Narrow Band Analylss 



Figure B.39; Noise Reduction Characteristics of a Curved, Stiffenel Panel 

at 2 psl Pressure Differential with Y-434 Damping Tape under 
White Noise 
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(a) Narrow Band Analysis 



(b) 1/3 Octave Analysis 
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Figure B.40: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 3 psi Pressure Differential with Y-434 Damping Tape under 
White Noise 
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(a) Narrow Band Analysis 



Figure B.Al : Noise Reduction Characteristics of a Curved, Sciffenel Eanel 

at 0 psi Pressure Differential wich Y-A34 Damping Tipe under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 


(b) 1/3 Octave Analysis 
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Figure B.43: 


Noise Reduction Characteristics of a Curved, Stiffenel Panel 
at 2 psl Pressure Differential with Y— *34 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 
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Figure B.44: Noise ReducClon Characteriscics of a Curved, Stiffenel Panel 

at 3 psi Pressure Differencial with Y-434 Damping Tipe under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 
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Figure B.A5: Noise Reduction Characteristics of a Curved, Stiffened ?anel 

at 0 psi Pressure Differential with Damping Tape under 

White Noise 


245 



NOISE REDUCTION dB NOISE REDUCTION dS 



(a) Narrow Band Analysis 



Figure B.46S Noise Reduction Characteristics of a Curved, Stiffened Panel 

at I psi Pressure Differential with Y— i34 Darjping Tape under 
White Noise 
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(a) Narrow Band Analysis 



Figure b.47‘* J^olse Reduction Characteristics of a Curved, Stiffened Panel 

at 2 Psl Pressure Differencial with Y-434 Damping Tape under 
White Noise 
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(a) Narrow Band Analysis 
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Figure B.48 : Noise Reduction Characteristics of a Curved, Stiff nei Panel 

at a 3 psi Pressure Dif ferertCial with Y-434 Daaping Tape under 
White Noise 
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(b) 1/3 Octave Analysis 
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Figure B. 49 : Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 0 psi Pressure Differential with Y-434 Damping Tape under 
a Discrete Noise Source 
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(a) Narrow Band Analysis 
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Figure B.50! Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 1 psl Pressure Differential with V-434 Damping Tape under 
a Discrete Noise Source 
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Figure B.Sl: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 psi Pressure Differential with Y-434 Damping Tape under 
a Discrete Noise Source 
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Figure B.53: Noise Reduction Characteristics of a Curved, Stiffenel Panel 

at 0 psi Pressure Differential with Y— *34 Damping T jpe under 
White Noise 
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Figure B.54; Noise Reduction Characteristics of a Curved, Stiffened Panel 

at I psi Pressure Differential with Y-434 Damping Tape under 
White Noise 
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Figure B.55: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 psi Pressure Differential with Y-434 Damping Tape under 
White Noise 
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(a) Narrow Band Analysis 



Figure B.56: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 3 psl Pressure Differential with Y-434 Damping Tape under 
White Noise 
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Figures. 57: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 0 psl Pressure Differential with Y-436 Damping Tape under 
a discrete noise source 
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FlgureB.38: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 1 psi Pressure Differencial with Y>A36 Damping Tape under 
a discrete noise source 
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Figure b. 59: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 pal Pressure Differential with Y-436 Damping Tane under 
a discrete noise source 
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(a) Narrow Band Analysis 



(b) 1/3 Octave Analylss 
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Figure B.62: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 1 psi Pressure Differential wit!'. V— !>36 Damping Tape under 
White Noise 


262 



Figure B.63: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 pel Pressure Differential with Y-436 Daaping Tape under 
White Noise 
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Figure B.64: Noise Reduction Cherscceristics of e Curved, Stiffened Panel 

at 2.5 psi Pressure Differencial with Y-4j6 Danping Tape under 
White Noise 
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Figure B.65: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 0 psi Pressure Differential with Y-A36 Damping Tape under 
a Discrete Noise Source 
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Figure B.66: Noise Reduction Characteristics of a Curved, Stiffened Panel 
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(a) Narrow Band Analysis 




(b) 1/3 Octave Analysis 
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Figure B.67: : Reduction Characteristics of a Curved, Stiffened Panel 

au 2 psl Pressure Differential with Y-436 Damping Tape under 
a Discrete Noise Source 
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figure B.68; Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 3 psi Pressu'e Differential with Y-436 Damping Tape under 
a Discrete Noise Source 
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Figure B.69: Noise Reduction Characteristics of a Curved, Stiffened Panel 

i at 0 psi Pressure Differential with Y-436 Damping Tape under 

White Noise 
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Figure B.70t Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 1 psl Pressure Differential with T~436 Deeping Tape under 
White Noise 
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(a) Narrow Band Analysis 



Figure B.71: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 psi Pressure Differential with Y-436 Damping Tape under 
White Noise 
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Figure B.72S Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 3 psi Pressure Differential with Y-436 Damping Tape under 
White Noise 
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Figure b. 73: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 0 psi Pressure Differential with Y-A36 Damping Tape under 
a Discrete Noise Source 
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Figure B.74: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 1 psl Pressure Differential with Y-436 Damping Tape under 
a Discrete Noise Source 
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Figure B.75: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 2 psl Pressure Differential with Y-436 Dauping Tape under 
a Discrete Noise Source 
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Figure B.77: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at C psi Pressure Differential with Y-436 Damping Tape under 
White Noise 
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(a) Karrow Band Analysis 



Figure B.78: Noise Reduction Characteristics of a Curved, Stiffened Panel 

at 1 psl Pressure Differential with Y-436 Damping Tape mder 
White Noise 
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(a) Harrow Band Analysis 
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(b) 1/3 Octave Analysis 
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Figure B.81: Noise Reduction Characerlstlcs of a Curved, Stiffened Panel 

at 0 psl Pressure Differential with T-370 Damping Tape and 
0.817 lb/ft3 Insulation under a Discrete Noise Source 
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(a) Narrow Band Analysis 



Flgura B.82: Nolss Raductlon Charactarlstlcs of a Curvsd, Stlffcnsd Pansl 

at 1 psi Pratsura Diffarantial with Y«370 Damping Tapa and 
0.817 Ib/ft3 Insulation undar a Dlscrata Noisa Source 
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(a) Narrow Band Analysis 
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Flgura B.83: Nolsa Baductlon Charactarlstlcs of a Curvad, Sclffanti Panal 

at . 2 pii Praasura Dlffarentlal with T-370 Damping T-ipa and 
0.817 lb/ft3 Insulation undar a Discrata Noisa Source 
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Figure Bt8S> Nolee Reduction Chareeterletlee of e Curved* Stlffon«d Panel 
ec 0 pal Pressure Differential with Y-370 Denplng Tape end 
0.817 lb/fc3 Insulation under White Noise 
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NOISE fteOUCTtON dS NOISE REDUCTION 



(a) Narrow Band Analysis 



Flgura B.86t Noisa Raduetlon Charaetsristles of a Curvad, Stlffanad Panal 
at 1 psi Prassura Dlffarantlal with Y>370 Damping Tapa and 
0.817 lb/ft3 Insulation undar Whlta Noise 
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(a) Narrow Band Analysis 
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rigura B.87t Nelsa Radtteelon Chsractaristles of a Curvad, Stiffanad Panal 
at 2 psl Prassurs Dlffarantlal with Y-370 Danplng Tapa and 
0.817 lb/ft3 Insulation undar Whita Nolsa 
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Figure B.88i Nolsa Raduetlon Cbaractarlstles of a Curved, Sciffanad Fanal 
at 3 psl Pressure Differential with T-370 Damping Taps and 
0.817 lb/ft3 Insulation under White Nolsa 
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(s) Narrow Band Analysis 



Fl(ura B.89 i itoiaa Raductlon Charactarlstlea of a Curvad, Stlffanad ?anal 
at 0 pal Fraaaura Dlffarantlal with T-370 Daaplnt Taps and 
7*345 lb/ft3 Insulation undar a Olscrata Holsa Sourea 
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(a) Narrow Band Analysis 



Flgora B.90t Nelia Badoetion Charaetarlstlet of a Conr^. Stiffanad Psnal 
ac 1 pal Prassura Diffarantlal with T-370 Da^li'g Taps and 
7.34S lb/fc3 Insulation undar a Diaerata Noiaa Sou.rea 
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(a) Narrow Band Analyala 



Pifura B.91t Nolaa Raduetlon Ctiaraetarlstlea of a i^rvad, Sei^fanad Panal 
ac 2 pal Praaaura OiffaroaClal with T-370 Dating Tap# and 
7.3^3 lb/fc3 Inaulatlon undar a Dlaeraca Nolaa Sourca 
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Figure B.92: Noise Reduction Characteristics of a Curved, Stiffened panel 

at 3 psl Pressure Differential with Y-370 Damping Tipe and 
7.34S lb/ft3 Insulation under a Discrete Noise source 
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(a) Narrow Band Analysis 
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Figure B.93i Noise Reduction Charscterlsties of a Curved, Stiffened Panel 
at 0 psl Pcessure Differential with Y-370 Daooplng Tape and 
7.345 Ib/ft3 Insulation under White Noise 
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(a) Narrow Band Analysis 



Figure B.94t Noise Reduction CharaeterleCles of a Curved, Stiffened Panel 
at 1 pel Pressure Differential with Y-370 Damping Tape and 
7.345 lb/ft3 Insulation under White Noise 
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Fl|ur« B.9St Noise Rsductlon Chsrsetsrlsties of s Curvsd, Stiff tnsd Psnsl 
St 2 psi Prsssurs Diffsrsntlsl with Y-370 Damping Taps and 
7.345 Ib/ft3 Insulation under Whits Noise 





Flgur* B.96t ^olse Reduction Chereeterlstles of a Curved, Stiffened Panel 
et 3 pel Pressure Differential with Y-370 Damping Tape and 
7.345 lb/ft3 Insulation under White Noise 
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